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Abstract 
Due to ongoing water shortages and a swiftly growing population, the City of Windhoek 
must assess its water system for future demand. Our goal was to follow up on a previous study 
to determine the public perception of the treatment process and the water quality. The 
broader sample portrayed a lack of awareness of this process and its end product. We 
recommend the City of Windhoek develop educational campaigns that inform its citizens about 
the water reclamation process and its benefits.  
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Executive Summary 
Introduction and Background 
Namibia is among the most arid countries in southern Africa. Though it receives an 
average of 360mm of rainfall each year, 83 percent of this water evaporates immediately after 
rainfall. Another 14 percent goes towards vegetation, and 1 percent supplies the ground water 
in the region, thus leaving merely 2 percent for surface use. Despite these staggering statistics, 
Windhoek, Namibia’s capital, endures the most severe environmental conditions of the nation. 
Even on the rare occasion that Namibia receives additional rainfall, they lack the infrastructure 
to capitalize on this resource.  Further complicating the city’s situation, the nearest reliably 
running river (the Okavango River) is approximately 700km away. To address this problem, the 
city took steps to develop a water reclamation system (Lahnsteiner et al., 2007). The first 
reclamation plant was built in 1958, and a second plant was erected in 2001 (Crovello et al., 
2010). 
The current population of Windhoek is roughly 281,300 and water demand lies at 
approximately 22 million m3 per year (City of Windhoek, 2006). This breaks down into an 
average of 60,275 m3 of water needed per day (Lahnsteiner et al., 2007). Due to the uncertainty 
of rainfall, and the reality of long, severe droughts, daily demand can range from 60,000 to 
100,000 m3 (City of Windhoek, 2011). As of now, the city is capable of meeting these water 
demands through three main water supplies: dam water, ground water and water from the 
reclamation plant. The third source, reclaimed water, is received from the Old and New 
Goreangab Water Reclamation Plants (OGWRP and NGWRP, respectively).  
The Department of Infrastructure, Water and Waste Management (DIWWM), in the City 
of Windhoek, is responsible for the development of these plants. The New Goreangab Water 
Reclamation Plant is the first of its type built in the world. Its purpose is to convert treated 
water into potable water, through a complex system of purification techniques and 
microorganism indicators. This is to ensure the safety and superior quality of the water.  The 
Old Goreangab Water Reclamation Plant (OGWRP) distributes non-potable water that is not of 
the same quality as that supplied by the NGWRP. For this reason, water from the OGWRP is 
only used for the irrigation of parks and fields. 
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Methodology 
As Windhoek is the only city where the population drinks treated water directly from 
the plant, public acceptance and trust in the system is vital for its expansion. To do this, the 
DIWWM must attempt to dispel any psychological barriers that exist through education. With 
our assistance the Department of Infrastructure, Water and Waste Management learned the 
public perception of water reclamation in the city of Windhoek. We did this by conducting 
research on the current wastewater reuse program. We also distributed and collected surveys 
that assessed public knowledge of the reclamation system, as well as their perception on the 
water quality. With that, we determined which methods of communication would best inform 
citizens of Windhoek about wastewater reuse and improvements made to the reclamation 
system. 
Using information from interviews with municipality professionals and from 
presentations about the current water system, we developed an informational brochure to 
distribute to survey participants. This brochure helped educate citizens about the benefits of 
wastewater reuse, as well as the processes involved in wastewater purification. We distributed 
these brochures to respondents after their completion of the survey.  
To ensure an accurate representation of the population, we used sample size calculators 
and data from the 2006 census to determine the required survey size. We found that 1,832 
surveys needed to be distributed in the 20 suburbs of Windhoek. We determined the sample 
size required from each suburb by dividing the total number of surveys to be distributed based 
on each suburb’s contribution to Windhoek’s total population.  
Findings 
 From our data, we found that the majority of respondents considered Windhoek’s water 
to be of fair or good quality. Most of these individuals believe the water is safe to drink. Though 
most respondents claimed to know how the city receives its water, a significant percentage was 
unaware of the New Goreangab Water Reclamation Plant. It appeared that many of these 
citizens simply knew of the city’s natural water sources, including boreholes and dams. Still, 
most respondents believe there is enough water for the future needs of Windhoek, primarily 
due to the excess rain received this year.  
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From information collected on the survey, the majority of survey participants said they 
would make use of a contact number to ask questions they might have on the water 
reclamation process.  
Recommendations and Conclusions 
Based on our findings, we believe the majority of Windhoek’s population is unaware of 
water reclamation and the New Goreangab Water Reclamation Plant. Using our survey data, we 
developed recommendations on how to educate the population about the history of the plant 
and future improvements made to it. A previous study stated that Namibians with a higher level 
of education were less trusting of the reclamation process than less-educated citizens. Thus, it 
was especially important to illustrate the safety of the reclamation process to higher-educated 
Namibians to convince them of the cleanliness of their tap water. We did this by distributing 
pamphlets and proposing a marketing strategy similar to the well-known U.S. advertising 
campaign, the Pepsi Challenge. We ask that the Department of Infrastructure, Water and Waste 
Management conduct these demonstrations twice a year on university campuses. 
From the conclusions mentioned previously, we developed the following 
recommendations for the Department of Infrastructure, Water and Wastewater Management: 
Development of a Formal Curriculum 
To address the issue of young adults having little knowledge of the water system, 
the first action DIWWM could take is to work with the Ministry of Education to create a 
formal curriculum for primary schools that includes the topics of water reclamation and 
water conservation. The Ministry of Education could require that all Namibian primary 
schools revise the current curriculum to include these topics. By taking this step, the city 
can ensure that all future generations are aware of water reclamation and the 
importance of water conservation. Furthermore, children could share this information 
with their families, encouraging them to be more conscious of the water they use, in 
order to preserve water for Windhoek’s future water needs. 
 H2O Challenge 
For university students, the H2O Challenge can be applied to teach them that tap 
water tastes just as good as or even better than some bottled water. The H2O Challenge 
v 
 
could be constructed similar to the well-known advertising campaign conducted by the 
Pepsi ® Corporation in the late 1990s, the Pepsi ® Challenge. In this campaign people 
were randomly asked to try two unmarked glasses of soda—one contained Pepsi® and 
the other contained Coca-Cola®. In this campaign, the subject always chose Pepsi®.  
In our case, the Department could use three samples of water: imported bottled 
water, local bottled water and tap water.  Subjects would try each water sample and 
determine which they think is best, and which they think is reclaimed water. Afterwards, 
Department representatives could reveal the identity of each water type. The results 
would prove to participants and observers that there is no major difference between 
the taste, smell, or appearance of bottled and reclaimed water, and that drinking 
reclaimed water will not result in negative effects. The Department could lead these 
demonstrations twice a year on university campuses. Details on how to conduct the H2O 
Challenge are outlined in Appendix F. 
Education through Media 
The city could develop educational schemes using all forms of media. This 
includes newspaper ads and articles, radio announcements, billboards, as well as 
television commercials. Informational tours of the reclamation plant could also be 
offered two or three times a week, with one tour occurring on the weekend, so those 
citizens who work during weekdays can have the opportunity to learn about the process 
as well. One day of the week could be dedicated to school tours, so students can learn 
about the reclamation process in a hands-on way. The city could continually print 
information in the local newspaper to ensure that all readers have the opportunity to 
learn about the plant and the reclamation process. The city could also develop a radio 
segment that airs on all popular radio stations, given that most citizens listen to the 
radio. Within this segment, the city could announce the availability of plant tours.  
To further educate the public, the Department could develop fun, eye-catching 
billboards that inform city members about free informational tours at the reclamation 
plant. Similarly, television commercials on Namibia’s highest-rated stations could briefly 
educate citizens and announce the availability of these tours. To enhance the 
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educational process, the Department could also distribute information with the local 
water bill; a newsletter would satisfy this requirement. Such a newsletter can be found 
in Appendix I. This newsletter could be printed in the most commonly spoken languages 
and dialects, including German, Afrikaans, Damara, Herero, and Oshiwambo. 
 Contact Number 
The majority of respondents said they would make use of a contact number, 
were one made available, for information about water reclamation. The Department of 
Infrastructure, Water and Waste Management could set up a calling system so citizens 
can call and ask questions about water reclamation. This system could be partially 
automated. Pre-developed answers to frequently asked questions could be made 
available, and in the case that individuals have more questions further assistance could 
be provided by a water reclamation specialist. This line could also be made available for 
citizens to file complaints.  
Follow-up Survey 
Finally, DIWWM could implement a follow-up survey within the next ten years to 
determine whether the educational campaign obtained the desired outcome. From 
those results it can then be determined if any additional actions need to be taken to 
further educate the citizens of Windhoek about water reclamation and the city’s water 
sources. To attain an accurate representation of the public opinion, the Department 
could use the formula presented in the methodology to calculate the number of surveys 
required. This number could be based upon the number of households within each 
suburb rather than the population in each area. Furthermore, surveys could be printed 
in all major dialects and languages—among them Afrikaans, German, Oshiwambo 
Herero, and Damara—to facilitate their rapid completion. Having the surveys in multiple 
languages would also ensure a more accurate representation of the population, as those 
unable to speak English will also be capable of answering the questions presented. 
Distributing such surveys with a monthly water bill, in household tap areas, and allowing 
respondents to return the survey via mail, would limit the amount of labor, and 
therefore the expenses incurred by the Department.  
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Glossary 
The Department of Water Affairs & Forestry (Forestry, 2010) defined the following terms: 
Aeration 
 
Process by which air is circulated through, mixed with, or dissolved in a 
liquid or substance. 
 
Aquifer Underground geological formation that contains water. 
 
Clarification 
 
To remove solid matter from a liquid to make into a clear or pellucid 
liquid. 
 
Dam Structure that can impound water or effluent. 
 
Disinfection Inactivation of pathogenic organism using chemicals, radiation, heat, or 
physical separation processes. 
 
Domestic Use Household use of water for drinking, cooking, washing, watering a 
household garden and animals, but does not include the watering of 
crops or livestock for commercial purposes. 
 
Effluent Any liquid discharge as a result of domestic, commercial, industrial, or 
agriculture activities. 
 
Groundwater Any water resource found under the surface of the ground. 
 
High Contact Water 
Reclamation 
Water used close to the body in fashions such as drinking, washing, and 
cleaning. 
 
Log Unit Reduction Log unit pathogen reduction are log10 unit reductions defined as log10 
(initial pathogen concentration / final pathogen concentration). Thus a 1 
log unit reduction = 90% reduction; a 2 log unit reduction = 99% 
reduction; a 3 log unit reduction = 99.9% reduction, etc. 
 
Meteoric Water Water that occurs or is delivered from the atmosphere. 
 
Secondary 
Clarifiers 
Used to remove suspended solids in the effluent from activated sludge 
and other secondary treatment processes. Also thickens the solids and 
returns them to the aeration process (Gharagozian, 1998).  
 
Sewer Pipe or conduit, used for the conveyance of sewage or industrial 
effluents. 
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Waste Includes any solid materials that is dissolved, suspended or transported 
in water, including sediment. 
 
Watercourse a) River or spring including the base flow of an ephemeral river at the 
time of no visible purpose flow; b) Natural channel in which water flows 
regularly or intermittently; c) Estuary, wetland, lake, or dam into which, 
or from which, water flows. 
 
Water Resource Includes a watercourse, an aquifer, the sea, and meteoric water. 
 
Water Source Water from surface accumulation, watercourse, aquifer, or the sea and 
includes meteoric water. 
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Chapter 1: Introduction 
Namibia is among the most arid countries in southern Africa. Though it receives an 
average of 360mm of rainfall each year, 83 percent of this water evaporates immediately after 
rainfall. Another 14 percent goes towards vegetation, and one percent supplies the ground 
water in the region, thus leaving merely two percent for surface use. Despite these staggering 
statistics, Windhoek, Namibia’s capital, endures the most severe environmental conditions of 
the nation. Even on the rare occasion that Namibia receives additional rainfall, they lack the 
infrastructure to capitalize on this resource.  Further complicating the city’s situation, the 
nearest reliably running river (the Okavango River) is approximately 700 km away. To address 
this problem, the city took steps to develop a water reclamation system (Lahnsteiner et al., 
2007). The first reclamation plant was built in 1958, and a second plant became operational in 
2001 (Crovello et al., 2010). 
The Department of Infrastructure, Water and Waste Management in the city of 
Windhoek is responsible for the development of these plants. The New Goreangab Water 
Reclamation Plant is the first of its type built in the world. Its purpose is to convert treated 
water into potable water, through a complex system of chemical and mechanical purification 
techniques. This is to ensure the safety and superior quality of the water distributed.   
Limited water resources are still an issue in Windhoek, due to its ever-growing 
population. An increase in demand and the misuse of water exacerbates this water scarcity. To 
mitigate this problem the Department’s most feasible option is to augment the percentage of 
reclaimed water. To implement this, the Department would first like to strengthen its 
awareness campaign on water reclamation and the processes it entails. Teaching residents how 
to efficiently use the water they receive is a step towards addressing the water shortage issue.  
One of the biggest challenges the city of Windhoek faces is the lack of information 
readily available to its citizens pertaining to Windhoek Goreangab Operating Company’s 
(WINGOC) reclamation plants. Though plant tours are available, most citizens do not take 
advantage of this opportunity and know little about wastewater reuse. By surveying each 
suburb, we obtained the data necessary to decide how best to increase awareness of the 
reclamation process. We also distributed an informational pamphlet to survey participants 
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following their completion of the survey. Our team aided the Department by designing and 
conducting surveys, as well as distributing pamphlets to over 500 participants. DIWWM 
attempted to gather this data through a previous study on public perception; however, the 
amount of people surveyed was too small to be of significance. Therefore, we enlarged the 
survey size by addressing several key issues in the previous study. The solutions to these issues 
included streamlining the survey content and including people from all suburbs in Windhoek 
(Crovello et al., 2010). 
In our research, we accomplished four overarching goals. First, we gained a better 
understanding of the New Goreangab Reclamation Plant and the wastewater treatment 
process. The chief engineer of the plant provided us with a detailed tour of the plant to increase 
our knowledge of the technical aspects pertaining to water reclamation. We also conducted 
interviews and attended presentations with scientists involved in the management of 
Windhoek’s water system. 
Our second goal was to improve the survey developed in last year’s pilot study by 
making the surveys simpler and more concise. This limited the time and effort demanded of the 
survey participants. By surveying a larger population, we could reach a broader demographic 
and thus gathered better-quality data, in relation to the previous study.  
By augmenting our survey population, we were able to achieve our third goal of 
determining the overall perception of water reclamation in the city of Windhoek. Within each 
survey, we compared the surveyors’ understanding of water reclamation and their opinion on 
the cleanliness of their tap water. 
The successful completion of our first three goals helped us achieve our fourth goal of 
providing information to both the water utility and the government regarding the civic 
perception of water reclamation. We illustrated to DIWWM where support and opposition for 
water reclamation lies. By doing this, we assisted them in understanding how to better educate 
the public and achieve their future goals. It is our hope that our efforts and the future work 
done by DIWWM will convince the public of the safety of their water, and simultaneously 
encouraged them to take a more positive outlook on total water reuse. 
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Chapter 2: Literature Review 
Universal access to potable water is essential for all forms of life. In the past two 
decades, many technologies were developed to meet the ever-growing global water demand. 
Numerous challenges arise in the process of making potable water available to large 
populations. These difficulties are especially pronounced in arid regions, such as Namibia. 
Namibia’s capital city has developed an innovative solution to this dilemma. After extensive 
research on the topic, it was decided that the most suitable and sustainable option for 
Windhoek was to reclaim treated effluent and make it of drinkable quality. This chapter 
provides detailed information about the technical aspects of water reclamation, as well as 
information on the public perception and acceptance of applying such techniques. It further 
describes the application of water reclamation in Windhoek. We included case studies on 
similar projects, to give a more thorough understanding of wastewater reuse around the globe.   
2.1 Drinking Water in Windhoek 
The City of Windhoek works with two main companies to provide reclaimed water to its 
citizens. These two organizations bring the water to potable quality. Thus far, these 
organizations have met the water demand; however, sustainability may become an issue in the 
near future as Windhoek’s population continues to increase.  
2.1.1 Pertinent Organizations 
 Around 99.8 percent of Windhoek’s residents receive potable water. According to the 
chief engineer of Bulk Water and Waste Water in DIWWM, the informal settlements primarily 
receive their water through communal taps situated within 75m of informal houses (City of 
Windhoek, 2004). NamWater and the Windhoek Goreangab Operating Company work to 
provide potable water to the city’s inhabitants. These organizations, which store, secure and 
supply the city’s water needs, are:  
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 NamWater 
NamWater works with the City of Windhoek to supply approximately 70 percent of the 
bulk water received by the city. Three dams, built between 1978 and 1993, are 
responsible for providing this water. These dams receive their water from ephemeral 
rivers; thus, the amount of natural water available for the city is dependent on the 
amount of rainfall received each year (du Pisani, 2005). 
 Windhoek Goreangab Operating Company (PTY) Ltd. (WINGOC) 
The Windhoek Goreangab Operating Company (WINGOC), in partnership with the City 
of Windhoek, is responsible for the operation and proper functioning of the Old and 
New Goreangab Reclamation Plants, which will be discussed later. As the company is 
under contract, its water must be of a certain quality prior to distribution (Crovello et 
al.; 2010). Appendix B outlines of the standards that WINGOC follows. 
2.1.2 Demand and Sustainability 
The current population of Windhoek is roughly 281,320, and water demand lies at 
approximately 22 million m3 per year (City of Windhoek, 2006). This breaks down into an 
average of 60,275 m3 of water needed per day (Lahnsteiner et al., 2007). Due to the uncertainty 
of rainfall, and the reality of long, severe droughts, daily demand can range from 60,000 to 
100,000 m3 (City of Windhoek, 2011). As of now, the City of Windhoek is capable of meeting 
these water demands through three main water supplies: dam water, ground water and water 
from the reclamation plant. Figure 1 describes each water supply and the cycle they follow. The 
third source, reclaimed water, is received from the Old and New Goreangab Water Reclamation 
Plants (OGWRP and NGWRP, respectively). The capacity of NGWRP is 7.5 million m3 of water 
per year, however currently roughly 6.2 million m3 per annum are used (Esterhuizen, 2011). The 
Old Goreangab Water Reclamation Plant (OGWRP) supplies non-potable water that is not of the 
same quality as the NGWRP. For this reason, water from the OGWRP is only used for the 
irrigation of parks and fields. The OGWRP produces approximately 1.3 million m3 of water each 
year (Lahnsteiner et al., 2007).  
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Figure 1. Water Supply in Windhoek (Lahnsteiner et al., 2007; Brinkman, 2011) 
 
Although, Windhoek’s current water supply appears to meet the needs of its citizens, 
this situation will not persist. Figure 2 displays the estimated population growth until 2031. 
 
Figure 2. Population Growth Estimate 
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Windhoek has a current growth rate of 4 percent each year; therefore, demand is 
steadily increasing. Due to the exploitation of all natural water sources within 500 km of 
Windhoek, the city will soon require another solution to its insufficient water supply 
(Lahnsteiner, et al., 2007). 
2.2 The Need for Water Reclamation 
 To meet the great need for a reliable and sustainable water source, the government of 
Windhoek explored several options. After much investigation, they decided wastewater reuse 
was the most cogent of solutions. Within this section, we provide a history of water use in 
Windhoek, as well as the systematic process of wastewater treatment. 
2.2.1 Potential Solutions 
Prior to 1912, Windhoek had an abundance of water resources. From its establishment 
in 1890, the city’s numerous hot and cold-water springs drew hundreds of people to settle in it 
(Crovello, et al., 2010; du Pisani, et. al., 2005). Over the next few decades, exploitation of the 
city’s surface water sources led to difficulties in adequately supplying the rapidly growing 
population. By 1912, the water table subsided, and the city constructed its first community 
borehole. Presently, around 50 boreholes exist, with a constant yield of 8 million m3 per year 
(Louw, 2011; du Pisani, et. al., 2005).   
Until 1933, groundwater served as Windhoek’s only source of water. Though the water 
supply remained constant, demand continued to rise. Several dams were constructed over a 
period of twenty years to address these needs. The first of these dams was the Avis Dam 
(constructed in 1933), which had a capacity of 2.4 million m3 of water. Despite its potential to 
meet the population’s needs at the time, the dam failed to reliably provide sufficient water for 
the city. Given the inconsistency of this resource, the city then constructed the Goreangab Dam 
(capacity of 3.6 million m3) in 1958 along with a treatment plant meant to convert the dam 
water into safe drinking water (du Pisani, et. al., 2005). 
This treatment plant led to the development of the Goreangab Reclamation Plant in 
1969. After Namibia received its independence in 1990, the city constructed an upgraded 
version of the Goreangab Plant, now known as the New Goreangab Reclamation Plant. This 
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new plant became operational in 2001; at which time the first Goreangab Plant was designated 
the Old Goreangab Reclamation Plant. Modification of the original plant has occurred several 
times, with the latest renovations occurring in 1997 when the plant’s capacity was augmented 
to 7,500 m3 per day, from its original capacity of 4,300 m3 per day. The city used loans from 
several European financial institutions to build the improved reclamation plant next to the old 
plant. The New Goreangab Reclamation Plant is capable of processing 21,000 m3 of water per 
day (City of Windhoek, n.d.; du Pisani, et. al., 2005). 
2.2.2 Ensuring a Reliable Water Future in Windhoek 
The New Goreangab Reclamation Plant is located in the Goreangab district of 
Windhoek. The plant retrieves its water from the Goreangab Dam and the Gammams Sewage 
Treatment Plant. The primary reason for its construction is pollution of the water within the 
catchment area of the dam, which made conventional water treatment insufficient. The plant 
operates under strict regulations, in order to provide top quality water for its citizens. Water 
that enters the plant undergoes vigorous cleaning processes to ensure it is clean and safe.  
Currently, the only operational water reclamation plant in the world that provides direct 
potable water is the New Goreangab Water Reclamation Plant. Engineers from the Republic of 
South Africa introduced the idea of constructing this plant in the late 20th century, during times 
of severe water shortage in Namibia. Construction of the first reclamation plant occurred 42 
years ago and, as mentioned above, the plant has received updates to improve the quality of its 
product. For cost efficiency, the old plant kept all properly functioning machinery and altered 
the cleaning processes to meet new regulation standards. 
Figure 3 shows the steps through which water at this facility undergoes in the New 
Goreangab Reclamation Plant prior to distribution. These steps include: (1) pre-ozonation, (2) 
flocculation, (3) dissolved air flotation, (4) rapid sand filtration, (5) ozonation, (6) granular 
activated carbon, (7) biological activated carbon (BAC), (8) membrane filtration, (9) chlorine 
disinfection, and (10) stabilization. It takes approximately one day to complete the process and 
achieve clean, safe and potable water. Appendix A provides a detailed description of each step. 
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Figure 3. Water Purification Process utilized by the New Goreangab Reclamation Plant 
 
Non-potable reclaimed water produced by the Old Goreangab Reclamation Plant is also 
a cost effective resource for the city. It is used for irrigational purposes, to reserve natural 
water for entities that strictly require its application. Reclaimed water has nutrients that permit 
the reduction of chemical fertilizers expended in the irrigation of parks, playing fields and golf 
courses. This decreases the harmful effects that linger in the environment. 
2.2.3 The Future of Water Reclamation 
To meet the future needs of the city and improve water quality, the Department is 
currently researching a more sustainable method of treating influent. According to Chief 
Scientist of Scientific Services at Gammams Laboratory, this solution will likely involve 
Membrane Bioreactors (MBR). MBR combines “conventional biological treatment processes 
with membrane filtration to provide an advanced level of organic and suspended solids 
removal. When designed accordingly, these systems can also provide an advanced level of 
nutrient removal” (Fitzgerald, 2008). The process is one in which a suspended growth activated 
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system utilizes micro-porous membranes for solid and liquid separation instead of secondary 
clarifiers. Aeration, filtration, and clarification are the processes replaced by a membrane 
bioreactor. Separately, they consume time, space, energy, and money.  A membrane bioreactor 
increases the efficiency of this three-step clarifying process by combining them, while 
continuing to produce the same quality of effluent (Siemens Water Technologies, 2011). 
Updates to the chlorination system currently utilized by the New Goreangab 
Reclamation Plant may also occur in the near future, as it is somewhat inefficient (Menge, 
2011). Namibia lacks standards regarding the appropriate level of chlorination, thus water from 
the Plant is often over or under chlorinated. Though a chlorine dispenser controls the system, 
workers must manually replace it when its level runs low. In some instances, replacement of 
these dispensers does not occur on time. To compensate for this mistake, plant workers often 
increase the chlorine pumping levels to make up for the water that was not chlorinated. To 
improve management of the chlorination process, the Department is currently researching 
methods to implement an automated chlorination system. This will result in constant levels of 
chlorine in the water and will prevent over- or under-chlorination from occurring. This will also 
improve the taste of the water (Menge, 2011).  
2.3 Technical Challenges of Reclaimed Water Use 
There are numerous technical challenges associated with the use of reclaimed water. 
Throughout the history of wastewater reuse, numerous safety issues associated with its 
consumption have arisen. The following sections discuss these topics, in conjunction with other 
properties of recycled water that affect public opinions. 
2.3.1 History of Reclaimed Water 
The process of wastewater reclamation has been around for several millennia. The 
Minoan civilization built the first recorded system in 3000 BC, in Crete, Greece. The Minoans 
used wastewater to irrigate their crops. Since then, most improvements in wastewater reuse 
technology occurred in the mid-19th century with the creation of sewage systems, flush toilets 
and water piping systems in homes.  A key turning point in the expansion of wastewater reuse 
technology was in 1854 when Dr. John Snow, the first epidemiologist, traced a cholera outbreak 
in London to the Thames River—a river that runs through the heart of the city (U.S. 
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Environmental Protection Agency, 2009). Pollution of the Thames River was such that its odor 
caused “nauseating conditions in the city” (Okun, 2000, p.15). Dr. Snow proved that the Thames 
River served as the conduit for several cholera epidemics in the communities it supplied.  
As a solution, the government developed an interceptor, which prevented public use of 
the water. The water was then only used for land treatment. This concept of reusing non-
potable wastewater for the irrigation of crops has become widespread; many communities 
have implemented a similar program to better conserve water.  
2.3.2 Infectious Agents 
The greatest fear in the reuse of wastewater is the possible health risks it presents.  As 
stated by Daniel A. Okun, a researcher in the field of water reclamation, “the goal should be to 
prevent contaminants from being discharged to water courses that are currently used for 
drinking, rather than to purposefully increase the number of people exposed to water 
containing a vast number of contaminants of unknown significance” (Okun, 2000, p. 240). This 
approach is common in community development programs, where the residents have 
considered or currently practice water reclamation. Though pathogens are an integral part of 
the Windhoek water supply, the city has taken steps to prevent public exposure to these 
harmful elements. Thus, Windhoek remains the first and only city to provide direct potable 
water to its citizens (Asano, 2007).  
Following the cholera study in England, the fear of potential health complications from 
contaminated water heightened with Louis Pasteur‘s discovery of microorganisms in French 
and English polluted waters in 1875-1900 (Asano, 2007). The discovery of Escherichia coli, 
Salmonella, Giardia lamlia (pathogens that cause gastrointestinal disease) and viruses between 
1884 and the 1980s further augmented these fears. Many of these pathogens live or survive in 
water and infect humans who ingest contaminated water or foods, or through people-to-
people contact. Studies led by the Water, Science, and Technology Board of the U.S. National 
Research Council have shown that the resources to make wastewater clean are available, 
however, there are uncertainties and potentially large risks associated with trace organisms and 
emerging contaminants. Thus, they have suggested that use of wastewater made for potable 
purposes be a last resort. As this is the case for Windhoek, the New Goreangab Reclamation 
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Plant takes copious measures to ensure the safety of its water, and prevent the spread of 
infectious agents.  As one expert notes,  
“In practice it is impossible to sterilize water, to kill off all the micro-organisms 
present, due to the very high concentration of chemicals required, which would 
make the water very unpleasant and possibly dangerous to drink. Therefore 
water is disinfected, rather than sterilized, by using one of the disinfection 
methods such as chlorination, ozone or ultraviolet (UV) radiation to ensure that 
pathogens are kept at safe levels” (Jimenez, et.al, 2008, p. 253).  
 
The New Goreangab Plant uses two of these disinfection methods, along with a series of 
filters to screen for and remove potentially life-threatening bacteria, viruses, protozoa, and 
helminth. The plant takes additional steps to remove harmful chemicals present in wastewater. 
Appendix B describes the reduction or inactivation of each pathogen in each step of the 
treatment process. To underscore the gravity of these concerns, a list of common infectious 
agents present in wastewater is provided below: 
 
Bacteria 
Bacteria are microscopic organisms that thrive under a variety of conditions. 
Ubiquitous in the environment, they live in a wide-range of living conditions. Not all of 
these organisms are infectious. Some are required for human survival, while others, 
such as Vibrio Cholera and Salmonella, are involved in human disease. Salmonella and V. 
Cholera are among the most common infectious agents found in water supplies. Other 
common agents include Shigella and Helicobacter pylori. The most effective method of 
removing such bacteria from wastewater is with filters (Jimenez, et.al, 2008). 
 
Viruses 
Viruses are cellular parasites made up of a protein coat and genetic material 
(DNA or RNA). They cause a variety of diseases, often discussed by the media. Some 
examples include Severe Acquired Respiratory Syndrome (SARS), Acquired 
Immunodeficiency Disease (AIDS) and influenza. Viruses are incapable of surviving 
outside a host cell, thus they invade and take over the metabolic machinery of other 
cells (Bauman, 2010). Among the most common enteric viruses transmitted through 
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contaminated water is Hepatitis A (World Health Organization, 2011). Coagulation is the 
most effective method of removing viruses that commonly reside in contaminated 
water (Jimenez, et.al, 2008).  
  
Protozoa 
Protozoa are single-celled organisms, similar to animals in cell structure and 
nutritional requirement. They are mobile, in that they move with the use of 
pseudopodia, cilia or flagella. These microorganisms typically live in water, as they 
require moist environments for survival. They commonly reside in ponds, streams, lakes, 
oceans, as well as moist soil, beach sand and decaying organic matter. Some protozoa 
reside in animal hosts (whom they originally infect), and in turn spread disease further. 
These microorganisms are difficult to test for in recycled water, as a large number of 
them are required to identify the type present. Common infectious agents, which 
threaten the safety of those who drink reused water is Cryptosporidium enteritis and 
Giardia lambia. The common method of transmitting protozoa is through the drinking of 
contaminated water. Filtration is one of the most effective ways to remove protozoa 
from the water.  
 
Helminth 
Helminths are parasitic worms that cause a variety of diseases, particularly in 
areas with low sanitation. The common method of infection is through fecal-oral 
transmission of helminth eggs, which enter the environment in feces. The eggs’ sticky 
nature allows them to easily stick to utensils, money, fruit, furniture, vegetables, door 
handles, and fingers. About 12-90 percent of the eggs ingested develop into worms. 
Among the most effective methods of removing helminths from wastewater is through 
flocculation and sand filtration (Jimenez-Cisneros, et. al, 2007). 
 
 
  
13 
 
Endocrine Disruptors and Pharmaceuticals 
Endocrine disruptors are chemicals that disrupt the human endocrine 
(hormonal) systems. Scientists hypothesize that they cause cancer and damage multiple 
organs, including male and female reproductive organs and the thyroid. They pose a 
significant threat to consumers of contaminated water. Common disruptors include 
dioxin, diethylstilbesterol (DES) and other pesticides. Endocrine disrupting compounds 
(EDCs) are synthetic chemicals that mimic or block hormones in the body upon 
consumption. These chemicals disrupt normal body operations by changing the function 
of the processes the hormones control. They cause hormone levels to change, altering 
the way they travel through the body, or by stopping or stimulating the production of 
hormones (Natural Resources Defense Council, 1998; U.S. Environmental Protection 
Agency, 1997). Pharmaceuticals such as antibiotics, seizure medication, painkillers, and 
cholesterol-lowering compounds have also become an increasing threat to consumers 
of polluted water. These compounds, as well as preservatives and active ingredients in 
personal care products can cause effects similar to those caused by EDCs.  A recent 
journal article underscores the problem: 
“Researchers Christrian G. Daughton and Thomas A. Ternes reported in 
the December issue of the ‘Environmental Health Perspectives,’ that the 
amount of pharmaceuticals and personal care products [PPCP] entering 
the environment annually is about equal to the amount of pesticides 
used each year” (University of Arizona, 2010). 
Removal of these chemicals depends on their intrinsic chemical properties. 
“Conventional treatments, such as coagulation, sedimentation, and filtration will 
remove less than 25 percent of most EDCs and PPCPs” (Westerhoff, 2003, p.19), 
however, chlorine is capable of removing 90 percent of certain compounds (those with 
aromatic carbon and amine or hydroxyl functional groups) and less than 20 percent of 
other compounds. Activated carbon is effective in removing over 75 percent of 
endocrine disruptors and PPCPs (Westerhoff, 2003). 
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2.3.3 Industrial Waste 
Industrial waste can be hazardous to the environment and must be disposed of 
properly, in order to avoid further contamination.  To minimize as much waste as possible, 
some cities and countries have enacted laws that heavily tax companies that produce excess 
waste, which could be harmful to the ecosystem. After it receives treatment to remove 
bacteria, the waste goes to sewage treatment plants and to several regions for irrigation. It 
does not undergo as extensive a process as potable water, and remains separate from water 
sources used for drinking. In Windhoek, the main industries are located in the North away from 
the Goreangab Plant. This keeps any hazardous waste out of the dams that supply the plant and 
therefore out of its city’s drinking water. 
2.3.4 Organoleptic Qualities 
Color and smell are two characteristics that heavily influence people’s opinions of the 
water they drink. Strange odors or abnormal coloring tends to make consumers think the water 
will taste poorly before they drink it. The power of suggestion, based on appearance, is a 
compelling concept. Taste is another important quality that heavily affects a consumer’s 
opinion of their water. People often associate unfamiliar tastes, colors and smells, with 
something that is dirty or unhealthy. Unfortunately, it is very hard to change these opinions, so 
chlorination and other chemical processes typically occur in the final stages of cleaning recycled 
water to neutralize any odors, colors or tastes that may cause concern (Oestman et. al., 2004). 
2.4 Public Response to Reclaimed Water 
 A crucial aspect, in the success of a wastewater reuse program is public acceptance. In 
this section, we address key cases in which water reclamation programs triumphed and failed. 
Furthermore, we discuss the importance of public approval when a government wishes to 
expand its wastewater reuse program.  
2.4.1 Benchmark Cases on Reclaimed Water Use 
People around the world struggle to obtain clean water, whether they live in rural areas 
or cities. Many believe that living in cities will eliminate any threat of limited water resources; 
however, this is not the case. Of the 15 major cities in the world today, all but two are 
experiencing severe water shortages (United Nations, 2009). By 2030, the United Nations 
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predicts that of the many thousands of future cities, most will experience severe water 
shortages. 
Due to these water scarcities, it is important to look into other reliable methods of 
supplying water, such as water reclamation. Presently, the public is reluctant to accept the idea 
of direct potable wastewater reuse, as it is hard to grasp the concept of drinking water that was 
previously contaminated. One can learn a great deal from previous case studies, as they help 
researchers avoid repeating mistakes and show which successful techniques to apply, to ensure 
public safety and gain public support. Below is a description of cases involving the use of 
reclaimed water: 
 Orange County, California 
 Orange County has purified sewage water in a reclamation plant known as Water 
Factory 21 since 1976. The purified water was injected into the ground to replenish 
groundwater sources and prevent the infiltration of seawater into groundwater. Factory 
21 was replaced by another plant with superior technology, which is meant to both 
manage current water needs and meet the population’s expected needs in 2020. By this 
date, researchers expect the state’s population to increase by 500,000 people 
(Archibold, 2007). 
None of the reclamation plants located in the United States distribute recycled 
water directly into household taps. Instead, one must inject the water into the ground 
to allow the soil and naturally occurring microorganisms to clean it further, before it 
reaches the aquifers. Finally, the water supplies the residences of Orange County.  This 
process takes months to come full circle.  “Studies done for the original Factory 21 
reclamation plant using noble gases as tracers demonstrated that it takes more than six 
months for water to travel from injection wells or percolation ponds to drinking water 
well intakes” (Kemsley, 2008, p. 71). This process is known as indirect potable water 
reuse. 
In Orange County, the subject of water reclamation was thoroughly addressed 
through local public awareness and marketing campaigns. These campaigns include 
public tours, an active speaker’s bureau and a website. Public tours of the facility occur 
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each month or at another scheduled time. The active speaker’s bureau travels to 
schools and organizations within the community to lead information sessions about the 
plant. The website provides a virtual tour of the facilities for those who might not be 
able to visit in person, as well as a ‘Keep Me Informed’ page in which participants can 
submit their emails in order to receive news and updates pertaining to the plant 
(Ground Water Replenishment, 2010). As seen, the town government has provided 
residents with the information necessary for them to accept and gain confidence in the 
reclamation process.  
 San Gabriel, California 
As previously stated, successfully educating the public is imperative to the 
success of any water reclamation program. In San Gabriel, California, the town’s failure 
to adequately educate its citizens led to the failure of the local reclamation plant 
project. The community of San Gabriel was aware of the opening of a reclamation plant, 
as local officials printed newspaper articles, mailed letters to the residents, and 
provided a questionnaire for citizens to fill out. In hopes of creating awareness of the 
process and gaining public support, the plant offered public tours of the facilities to 
show, rather than just tell citizens about the process. Despite these efforts, most 
residents remained skeptical of drinking water that came from sewage (Zimmerman, 
2008). In the end, these methods were not enough. Given the lack of clarity and 
communication between the local government and its citizens, a few weeks before the 
opening of the plant, a group of hostile neighbors sabotaged the event. They published 
an article that addressed the risks of reused water, but failed to list the benefits of such 
a system (Crovello, et. al., 2010).  
 Denver, Colorado 
The city of Denver, Colorado studied the effects of direct potable water reuse 
from 1985 to 1992. The purpose of this project was to evaluate the effectiveness of the 
water reclamation process. Researchers used animals to test the product for toxins or 
carcinogens. The rats used for these tests did not have significant levels of toxins or 
carcinogens in their blood, compared with those in the control group (Asano, 2006). 
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In this study, it was concluded that the reclaimed water satisfied the standards 
proposed by the World Health Organization (WHO), United States Environmental 
Protection Agency (EPA), and the European Community Commission (ECC). The recycled 
water was also found to be of equal or better quality than the city’s drinking water. 
Factors such as agency approval, cost and public acceptance influenced the feasibility of 
applying this proposal on a larger scale (Asano, 2006).  
 Israel 
A survey study completed in Israel, with 256 participants, indicated that people 
are more accepting of reclaimed water used in ways that do not come in direct contact 
with them. Many of the participants supported medium contact reuse options, which 
include domestic toilet flushing, firefighting, sidewalk landscaping, and so forth. 
Applications of high contact reuse, such as laundry and drinking water, received little 
support. The results obtained for low contact reuse were less than expected, though 
they have been in effect for three decades. Low contact applications include crop 
irrigation, orchard irrigation and other agricultural uses (Friedler, et al., 2005). 
 
In sum, there are several points we can take from these case studies. There is a vast 
misconception with reclaimed water. Upon hearing the word reclaimed, people immediately 
think of sewage water; this is known as the ‘yuck factor’. Recycled water may in fact be cleaner 
than the average drinking water, due to the extensive cleaning processes it undergoes. In a 
recent study, “the EPA has conducted research and found recycled water is often of better 
quality than existing drinking water” (Zimmerman, 2008). Despite decades of successful water 
reclamation, many people are still skeptical about drinking water that was previously sewage. 
They are willing to use low and medium contact water reuse more than they are to drink it. For 
citizens to drink treated water willingly, the Department must implement public awareness 
campaigns explaining the process and its benefits. A program similar to that used in Orange 
County would help the City of Windhoek secure the trust of its citizens and their acceptance of 
the program. 
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2.4.2 Common Public Opinions 
It is important to gather public opinions on a matter prior to its implementation. 
Without public support, the likelihood of a project succeeding is minimal. This is the case with 
water reclamation in any community. 
According to Michael Dishman, in Gaining Support for Direct Potable Water Reuse, there 
are strong educational and psychological obstacles that impede civic support for water 
reclamation (Dishman, 1989).  Many are not comfortable with the concept of drinking recycled 
sewage water because they find the suggestion psychologically repugnant. Some think the 
water is impure, disease-ridden, and full of harmful chemicals, while others dislike the water’s 
organoleptic qualities or believe the treatment process is too costly (Bruvold, 1972). 
Evidence has shown people are more opposed to the idea of drinking reclaimed water 
than actually drinking it. Reclaimed water is used in aquifer recharge; however, in this case, the 
sewage water stigma is no longer associated with the water. Water collected from rivers, lakes 
and freshwater aquifers with a steady inflow of treated sewage water are sometimes 
considered natural water (du Pisani, 2004). 
Seeing as Windhoek is the only city where the population drinks treated water directly 
from the plant, public acceptance and trust in the system is vital for its expansion. To do this 
the DIWWM must attempt to dispel any psychological barriers that exist through education. To 
bring the issue to the forefront of discussion, the President of the Republic of Namibia pushed 
to promote responsible water usage, among other strategies. With the construction of the New 
Goreangab Water Reclamation Plant, the Department launched a campaign to promote 
awareness. It consisted of full television and media coverage, as well as municipal newsletters. 
The City continued few educational campaigns after this initial phase of development. The plant 
is currently open to the public and is visited by schools and members of the scientific 
community (du Pisani, 2006).  As of 2006, there have been no registered complaints by the 
citizens of Windhoek about the quality of the new water reclamation system.  According to 
Petrus L. du Pisani, Strategic Executive for the Department of Infrastructure, Water and Waste 
Management in the City of Windhoek, the citizens have simply gotten used to the idea of using 
water that has been recycled (du Pisani, 2006). It is more likely, however, that the vast majority 
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of the population is simply unaware of the water reclamation system. This idea is supported by 
a study conducted in 2010, in which local university students, who were educated about the 
local reclamation system, were opposed to drinking water from the reclamation plant, while 
the remainder of the population surveyed had little to no knowledge of the plant and the 
source of their water. These people appear to have accepted the reclaimed water out of 
ignorance (Crovello, et al., 2010). 
2.4.3 Communicating Developments and Expansion 
 It is important that the process of water reclamation be clearly and precisely described to 
the citizens of Windhoek, in order to obtain their acceptance. There are many ways to increase 
public knowledge. Some of these include developing informational brochures and making 
television or radio commercials. In 2010, with the help of students from Worcester Polytechnic 
Institute, public officials distributed the first survey to gathered data on public awareness of the 
process of wastewater reuse, and people’s impression of the quality of their water. The survey 
distributed only reached a small population, thus requiring a new survey for distribution to a 
larger population. From the information collected, the Department of Infrastructure, Water and 
Waste Management can decide whether they should expand their current water reclamation 
program or keep it as it is. It is important that the citizens are aware of and involved in any 
future decisions about the reclamation plant to increase public acceptance of the program. 
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Chapter 3: Methodology 
The goal of our project was to aid the Department of Infrastructure, Water and Waste 
Management in assessing public perception of water reclamation and water quality in the City 
of Windhoek. This data helped us determine which methods of communication would best 
inform citizens of Windhoek about wastewater reuse and any improvements made to the 
reclamation system. We collected the data by distributing surveys that assessed public 
perception and by conducting research on the current wastewater reuse program. We met the 
following main objectives: 
1. Gain a greater understanding of the New Goreangab Reclamation Plant and the 
wastewater treatment process. 
2. Improve last year’s survey and conduct a pilot study to ensure the survey has an 
accurate scope. 
3. Gain a thorough understanding of the overall perception of wastewater reuse. 
4. Propose strategies for educating the public to the Department of Infrastructure, Water 
and Waste Management using data collected in the surveys. 
Since we had merely eight weeks to meet the objectives outlined above, a detailed method 
of implementation was crucial to the success of our project. The following segments detail the 
methods used to achieve each goal. 
3.1 Meeting City of Windhoek Professionals and Reclamation Plant Engineers 
In meeting our first objective, we expanded our knowledge of the wastewater 
treatment process, regulations used by the plant and the Department’s aspirations for our 
project. To do this, we conducted private interviews and attended tours led by city 
professionals and plant engineers. These tours and interviews took place within the first three 
weeks on-site. John Esterhuizen, the chief engineer of the New Goreangab Reclamation Plant, 
gave us a detailed tour of the wastewater treatment process. Additionally, a presentation 
conducted by Don Louw, an engineer within the Department, improved our understanding of 
the present water system. An interview with the Head of Scientific Services at Gammams 
Laboratory, Jürgen Menge, provided us with necessary insight on the topic of water 
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reclamation and public perception. Appendix E outlines the interview questions and responses 
attained from Jürgen Menge. 
With this information, we improved our survey and informational brochure to distribute 
to survey participants. This brochure helped educate citizens about the benefits of wastewater 
reuse, as well as the processes involved in wastewater purification. Refer to Appendix D for a 
copy of the educational pamphlet. 
3.2 Improvement of Previous Survey 
Prior to departure, we developed a survey to collect information relating to public 
perception and awareness of wastewater reuse. The final survey used in last year's study 
heavily influenced the format of this survey. We applied the suggestions proposed in that study 
to improve its format. The new survey contained multiple-choice questions and one open-
ended question at the end to allow individuals to comment further. Once in Windhoek, we 
revised the survey based on our interviews with community representatives, as mentioned 
previously. 
In a pilot study, we distributed surveys to Department of Infrastructure, Water and 
Waste Management professionals to gather a diverse sample. After each round of pilot studies, 
we asked subjects to evaluate our survey based on its clarity, organization and coverage. Using 
the data gathered in this diverse sample of convenience, we upgraded the previous version of 
the survey for redistribution to a larger population (Elberg, 2007). Refer to Appendix C for the 
final survey. 
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3.3 Distribution and Collection of Surveys 
To meet our third objective we devised a strategy to distribute our survey equitably. 
Using sample size calculators and 2006 census data, we determined the appropriate sample 
size for each suburb. We used the following formulas to obtain this data: 
 
 
The n represents the sample size being determined, N is the total population, r is the 
number of responses desired (response distribution), E is the margin of error and “Z(c/100) 
represents the critical value for the confidence level c” (Raosoft, Inc., 2004). We chose to use a 
99 percent confidence level, a 3 percent margin of error and a 50 percent response distribution. 
A 3 percent margin of error is the recommended value for categorical data (Bartlett, et.al, 
2001). We chose a 50 percent response distribution, because we did not expect any clear 
trends in the data collected. 
According to the 2006 census, the total population in Windhoek is approximately 
281,320.  From the formula above, we determined 1,832 surveys needed to be distributed and 
collected. To ensure the equal assessment of all residents in the 23 suburbs of Windhoek, we 
divided the total number of surveys to be distributed based on each suburb’s contribution to 
Windhoek’s total population. Thus, for larger suburbs more surveys were distributed, and the 
converse for smaller suburbs. The following charts display the percentage of the total 
population residing in each suburb and the number distributed in each area (Figures 5 and 6 
below). We distributed these surveys over a three-week period. 
 
n= N x/((N-1)E
2
 + x) 
x=Z(c/100)
2r(100-r) 
E=Sqrt[(N - n)x/n(N-1)] 
 Figure 4. Equation Used to Determine Survey Size (Raosoft, Inc., 2004) 
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Figure 5. Population Distribution in Suburbs of Windhoek 
 
Figure 6. Population Needed to be Surveyed in Suburbs of Windhoek Based on Population Distribution 
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All information collected remained confidential and was carefully interpreted and 
tabulated. This data assisted us in achieving our final goal, outlined in the next section. 
3.4 Proposed Targeted Strategies for Windhoek 
Our final goal was to provide the City of Windhoek and the Department of 
Infrastructure, Water and Waste Management recommendations on how to better educate the 
public about water reclamation. We developed suggestions with regard to educating the 
population about the history of the plant and future improvements made to it, using the data 
collected in our surveys. It was especially important to illustrate the safety of the reclamation 
process to Namibians with a higher level of education to convince them of the cleanliness of 
their tap water. We did this by distributing pamphlets and proposing a marketing strategy 
similar to the well-known U.S. advertising campaign, the “Pepsi Challenge”. The results of the 
campaign, the H2O Challenge, will prove to participants and observers that there is no major 
difference between bottled and reclaimed water, nor does reclaimed water lead to negative 
effects upon consumption.  Appendix F provides a detailed description of the “H2O Challenge” 
and the survey the Department could use to ensure Challenge participants remain unbiased. 
The results of our surveys provided the Department of Infrastructure, Water and Waste 
Management the data necessary to decide whether to expand their current water reclamation 
system. With our recommendations, we hope to have engaged the public and strengthened the 
bonds of communication between citizens of Windhoek and Department officials, so they can 
find the best solution to Windhoek’s water problems. 
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Chapter 4: Results & Analysis 
This chapter outlines the results of our survey efforts and offers some analysis of these 
data with regard to our project goals. Surveying occurred in thirteen different suburbs of 
Windhoek. Our team collected 541 surveys, out of the 1,832 needed. This deficit in survey 
participants was due to insufficient surveying time. In retrospect, the required survey size could 
have been reduced, in order to represent the number of households within each suburb, rather 
than the population. This would better reflect the data collected, since responses were only 
collected from one person in each household. Furthermore, the survey size does not take into 
account the number of citizens under the age of 15, whom we did not survey.  
Within this section, first we present the results of our survey, along with observations 
made while on-site. We provide the full range of our survey in Appendix C.  Within each section, 
we present our analysis of these data in greater depth. Table 1 provides an outline of the 
general data collected. Single starred (*) items indicate locations where a portion of the total 
survey count was obtained while surveying at a mall. Double starred (**) items refer to those 
surveys obtained solely in the mall. 
Location 
Time Spent 
Surveying 
Surveys Needed Surveys Collected 
Academia 1 hour 16 10 
Auasblick 0.5 hours 2 3 
Brekwater** 4 hours 14 1 
Cimbebasia* 2 hours 33 37 
Dorado Park* 2.5 hours 33 35 
Erospark* 0.5 hours 11 14 
Goreangab* 3 hours 117 70 
Hakahana** 4 hours 58 2 
Havana* 2 hours 102 34 
Hochland Park* 3 hours 45 30 
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Katutura** 4 hours 432 12 
Khomasdal* 2 hours 161 86 
Klein Windhoek 3 hours 49 23 
Kleine Kuppe 2 hours 12 20 
Okuryangava 2.5 hours 344 17 
Olympia 2 hours 20 14 
Pionierspark* 3 hours 58 34 
Rocky Crest 1 hour 30 19 
Wanaheda 2.5 hours 125 73 
Windhoek** 4 hours 137 7 
Table 1. Summary of Survey Distribution 
In our attempt to obtain a survey distribution similar to the population distribution 
among Windhoek’s suburbs, we failed to meet the exact percentages targeted. Even so, the 
portion of surveys collected in each suburb is similar to the target percentage for most 
locations. Furthermore, we obtained data from roughly an even number of males and females, 
and from all age groups and education levels. We evaluated the surveys based on 4 primary 
fields: perception of water quality and safety; awareness of city resources; future availability; 
and marketing strategies.  Here we offer the highlights of these topics. 
4.1 Perceptions of Water Quality & Safety 
Using the information gathered in our surveys, we determined the overall perception of 
the quality and safety of Windhoek’s water. From the data gained in communal and household 
tap areas, we learned that education plays a crucial role in the way respondents perceive their 
water. This correlation may also be related to the economic situation associated with each 
method of receiving tap water. For instance, those with personal or household taps tend to 
have some level of university education and live in more affluent areas. Respondents who use 
communal taps live in areas of lower economic standard, and 92 percent of these respondents 
obtained a secondary level education or less. Communal taps are located within informal 
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settlements, in which the majority of citizens live in homes made of tin sheets provided by the 
government. These taps are coin or card operated, while respondents with household taps pay 
a monthly water bill.  
The figure below relates education with the perception of overall water quality. As 
shown, though most respondents consider the water to be of good quality, altogether chiefly 
non-university educated respondents rank the water as good or excellent quality. Primarily 
university-educated individuals consider the overall water quality to be unacceptable or poor. 
This difference may be due to the level of knowledge and awareness in social matters one 
attains with an upper level education. Thus, university-educated individuals, or most individuals 
with household taps, are more wary of the quality of their water than non-university educated 
individuals, since they are unaware of certain matters pertaining to water safety. 
 
Figure 7. Education vs. Perception on Overall Water Quality 
 Similarly, while most respondents consider the overall quality of the water to be good, 
respondents have varying views regarding the color, taste and smell of the water. Both 
household and communal tap respondents, for the most part, considered the water’s taste the 
most unacceptable or poor quality. Survey participants ranked color as the least desirable 
quality (with a majority ranking the color as fair) and smell as the best quality (with a majority 
ranking smell as good or excellent). A common response to the question on smell was “water 
has no smell,” thus nearly all respondents ranked it as good or excellent. With regard to color, 
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however, most respondents complained of the water’s inconsistent color, particularly during 
the rainy season when the water often became a brown or cream color. Since this issue is not 
year-round, however, respondents reflected their minor discontent by ranking the water as fair. 
Though improvements could be made to the water’s quality, respondents did not feel they 
needed to complain; they believe Windhoek’s water to be better than water in other African 
countries, as well as other parts of Namibia, therefore they are satisfied with their current 
water supply. Issues with taste were brought up primarily by residents with household taps, 
although several residents in informal settlements mentioned a similar dissatisfaction. Those in 
the household tap communities identified a distinct taste of over-chlorination, while those with 
communal taps simply stated the water had a “funny taste.” Regardless, the distinct chlorine 
taste is likely due to the chemicals used in the final stages of water reclamation. 
Overall, we also found a difference in the way respondents deem their water, based on 
how long they’ve lived in Windhoek. Respondents who relocated to Windhoek at least 11 years 
ago have a more negative outlook on the water’s color, taste and smell, having ranked it mainly 
unacceptable or poor. Most of those born in Windhoek regard the water’s properties as good 
or excellent. Similarly, older respondents that use household taps were more likely to consider 
the water properties as poor or unacceptable than other respondents. Younger household tap 
participants rated the water quality as good or excellent. This similarity likely relates to the 
makeup of those who what lived in Windhoek for 11 years or more, as these individuals are 
primarily older participants. Many of those born in Windhoek were younger participants. Unlike 
household tap participants, nearly all of the young adult respondents with communal taps 
considered the water to be poor or unacceptable, while older adults considered the water’s 
color, taste and smell to be good or excellent. It is possible that this difference reflects the older 
population’s eventual contentment with their water. 
 Following a similar trend as shown between respondents who have resided in 
Windhoek for varying lengths of time, older adults with household taps tend to consider the 
water unsafe to drink, whereas most young adults consider the water safe to drink. In 
communal tap areas, fewer young adults consider the water safe to drink, whereas 91 percent 
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of older adults consider the water safe to drink. This information is supported by the figure 
below.         
 
Figure 8. Age vs. Whether the Water is Safe to Drink 
 Overall, the general public is content with the quality of their water. Nonetheless, how 
each individual perceives their water is very much dependent upon that individual’s 
educational level and living situation. Though most respondents consider the water safe to 
drink, they have qualms with its color and taste. The government has taken steps to address the 
issue of poor taste, as previously discussed, however additional steps may need to be taken to 
improve the color of the water.  
4.2 Knowledge of the City’s Resources 
In this section, we outline the awareness citizens of Windhoek have with regard to their 
water supply.  In general, citizens are unaware of where and how the City of Windhoek obtains 
the water that is supplied. At least 47 percent of all respondents were unaware of the origins of 
the water, the water recycling process and the New Goreangab Water Reclamation Plant.  
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Figure 9. Knowledge of City’s Water Resources vs. Method of Attaining Tap Water 
The graph above displays a comparison of the respondents’ awareness of the city’s water 
infrastructure resources, between those areas in which water is received through a private 
household tap relative to those who obtain it through communal taps. In the areas with 
household taps, the results are fairly spilt in each category. There is a slight difference among 
those who know and those who do not know how the city receives and recycles its water. With 
regard the New Goreangab Water Reclamation Plant, only a four percent difference exists 
between those who do and do not know about it. Even though slightly over half of the people 
have a general idea of where the City retrieves its water and how it is treated, a considerable 
amount of people remain uninformed. Over 40 percent of respondents are uninformed about 
their water supply.  
Among those living in areas with communal taps, there is a substantially higher percentage 
of respondents who report being uninformed about the city resources. Of the three questions 
asked, the largest information gap exists between those who know about the New Goreangab 
Water Reclamation Plant, and those who do not. There exists an opposite trend between those 
who live in areas with household tap compared to communal taps. Education was one of the 
main factors affecting these trends.  
From the data collected, we found that those who had a university education claimed to be 
more aware of the water origins. Over half of the survey participants who have some kind of 
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university education, claimed to know where the city gets it water, correctly described water 
recycling and were aware of the New Goreangab Water Reclamation Plant. On the other hand, 
over 55 percent of those who did not attain any university education could not identify where 
and how the City supplies its water. Relating education to the area of the city where each 
respondent resided further supports the conclusion that education plays an important role in 
citizens’ knowledge of water reclamation. Those living in suburbs, in which water is obtained 
through a household tap have received a higher level of education (with many participants 
having obtained some university education), while in communal tap suburbs only a few were 
found to have received any university education. It is important to note that even among 
university-educated respondents, only 54 percent were aware that the Goreangab plant exists.  
In comparing age within the household tap category, young adults appear to know less than 
other respondents about the city’s water sources. Older adults claim to know the most about 
the system, with the majority of them correctly answering and describing the three questions 
asked regarding awareness. Fifty-six percent of middle-aged adults know about the City’s water 
resources and 64 percent are aware of the water reclamation process. Only 53 percent of 
middle-aged adults have heard about the New Goreangab Water Reclamation Plant. For those 
within the communal tap category, young adults show a substantial lack of knowledge; over 68 
percent are unaware of each topic. This can be attributed to education, given that most only 
reached grade ten. The results for the middle-aged adults are split halfway, with approximately 
50 percent of respondents aware of where the city retrieves water and the process of water 
recycling. A 68 percent of middle-aged adults lack knowledge of the plant. Just over half of the 
older adults are aware of the New Goreangab Water Reclamation Plant’s existence. While 55 
percent of the older adults thought they knew about the city’s water sources, only 45 percent 
understood the process of recycling wastewater.  
When comparing the data regarding years of residency in Windhoek, we found that 
respondents who immigrated to Windhoek at least 11 years ago claimed to have a better 
knowledge of the city’s water sources and could correctly define water recycling, while 51 
percent are aware of the New Goreangab Reclamation Plant. Citizens who have lived in 
Windhoek for ten or fewer years knew about Windhoek’s water the least. Only 37 percent 
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claimed they were aware of where the city received its water, and merely 30 percent knew 
about the reclamation plant. A little over half of those citizens born in Windhoek knew about 
these questions, compared to those who did not. Residents born in Windhoek and immigrants 
from over 11 years ago have a similar percentage of knowledge on the New Goreangab Water 
Reclamation Plant. 
 A trend was found when comparing knowledge with age and years of residency in 
Windhoek. The main reason for this trend is because many of the older adults immigrated over 
11 years ago and are the most aware on the subject. With regard to those in communal tap 
areas, a trend can be seen in the lack of awareness from young adults and middle-aged adults 
mainly because most of them immigrated less than ten years ago. 
In sum, there is a considerable lack of awareness among citizens regarding water 
reclamation. Lack of knowledge is predominantly situated around the topic of the New 
Goreangab Water Reclamation Plant, as most are uninformed of its existence. It is important 
that the City of Windhoek takes measures to educate its citizens about the city’s water 
infrastructure and sources. 
4.3 Perception on Future Water Availabilty 
With regard to whether Windhoek will have enough water to meet future demands, 
most citizens are unsure. When asked this question, many survey participants made comments 
such as, “I hope so,” “I don’t know,” or “if it keeps raining.” The most relevant trend exists 
between the three age groups and their perception on the sustainability of Windhoek’s water 
supply.  
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Figure 10. Age vs. Whether there will be Enough Water for the Future Needs 
As can be seen in the above figure, 63 percent of young and middle-aged adults believe 
there will be enough water to supply the city in the future. However, only 42 percent of older 
adults think there will be enough water for the future. Overall, older adults seem to be worried 
about whether there will be enough water in years to come.  Fifty-eight percent of all older 
adults think there is not enough water for the future of Windhoek. This could be due to the fact 
that older adults have lived through more droughts than young adults. In more recent times, 
younger adults have experienced a climate with an abundance of rain, therefore they were 
more hopeful. Windhoek saw a peak in rainfall, particularly during the years of 2006 and 2011. 
Regarding the future availability of water, 62 percent of those born in Windhoek and 63 
percent of those who have recently immigrated, felt similarly about the city’s ability to meet 
future water demand. On the other hand, half of those who have lived in the city for 11 or more 
years were more skeptical of the city’s ability to address future need. As stated previously, this 
is linked with the age of respondents in each of these categories. Most respondents who were 
born in or recently immigrated to Windhoek are young or middle-aged adults, while those who 
have lived in Windhoek for 11 or more years are primarily older adults. 
From these results we can conclude that overall the public is not concerned with the 
future supply of water, however older adults are more concerned than others. It is important 
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for the city to educate the public, particularly young people, about water conservation, as their 
idea regarding future availability does not reflect reality.  
4.4 Publicity 
In order to successfully relay information regarding the city’s water and address 
concerns regarding wastewater reuse, we gathered information on how often each participant 
used media resources and public transportation, as well as respondents’ opinion on the best 
way to distribute information. For this we asked two sets of questions: first, how often each 
survey participant read the newspaper, listened to the radio, watched television and used 
public transportation; and, secondly, their opinion on the best way to inform the public. They 
were asked to pick one or more of the following methods: mail, newspaper, television, city 
meetings, radio, or suggest a method not listed. We compared what they thought would be the 
best method of distributing information to how often they reported using each item. 
In areas where the survey participants had household taps, we found that the following 
was done on a daily basis: 83 percent of participants watched televisions, 64 percent listen to 
the radio, 46 percent read the newspaper and 30 percent use public transportation. However, 
most respondents believe the newspaper is the best method of releasing information, followed 
by television and then radio. Although the newspaper was not the most used resource, 74 
percent read the newspaper at least once a week.  
Even though television was used the most, and was the second most popular choice to 
send out information, it is important to note that several respondents stated they primarily 
watch South African or German channels. Consequently, television is a less effective method of 
distributing information, resulting in radio becoming the second best option. Fifty-one percent 
of the surveyed population never uses public transportation; many respondents have their own 
form of transportation. Consequently, methods such as billboards could be a successful way of 
distributing information. 
In the areas where people use communal taps, listening to the radio was by far the most 
popular daily activity with 75 percent, television followed with 51 percent. Forty-two percent 
used public transportation on a daily basis, and 28 percent read the newspaper.  As with the 
previous section, however, 70 percent of respondents read the newspaper up to four times a 
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week.  According to the responses concerning the best way to distribute information, radio was 
the most popular option; newspaper was the second most popular option, with slightly over 
half the votes obtained for radio.  Although television was rated second in daily usage and 
ranked the third most effective way to distribute information, it may not be a good option given 
that many communal tap respondents do not own a television. Thirty-seven percent never 
watch television.  
In addition to these responses, we received over 22 suggestions. Among them was the 
use of church announcements, providing flyers with the monthly water bill, and newsletters to 
educate the public. Furthermore, some respondents suggested the development of a website 
from which individuals could obtain information about water reclamation, and offering e-mail 
subscriptions that provide regular updates. After evaluating the responses to the different 
questions, we concluded that radio is the most effective method to distribute information. 
Street advertisements such as billboards, newspaper articles and newsletters would also be 
beneficial in educating the community.  
4.5 Summary 
 In sum, we found a difference of opinion on the water quality is present between each 
location. Though the general population considers the water to be of good quality, older adults 
and respondents who relocated to Windhoek at least 11 years ago are more apprehensive .A 
major disparity in knowledge also exists between citizens living in communal and household tap 
locations. This is in part due to the difference in education levels between the two. A significant 
portion of survey participants were unaware of the City’s system of attaining and distributing 
potable water. Regarding future needs, most of the population believes the City will be able to 
meet future water demands. To address these misconceptions the Department could utilize 
various forms of media, the best options being the newspaper and radio. Appendix G outlines 
the survey results in full and open-ended responses can be found in Appendix H. These data 
support the findings presented in this chapter.  
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Chapter 5: Recommendations and Conclusion 
From our survey results, we found that the majority of Windhoek citizens report having 
little to no knowledge of the water reclamation system. Most survey participants claimed to 
know how the city received its water, however, they were unaware of the New Goreangab 
Reclamation Plant’s existence.  It appeared that many of these citizens simply knew of the city’s 
natural water sources, including boreholes and dams. 
Similarly, about half the survey participants were either unaware of water recycling or 
had some erroneous idea of the concept. A common survey response was that water recycling 
involved the distribution of used water for tasks that do not require potable water, such as 
watering plants. This led us to believe that most of Windhoek’s population is unaware of how 
the water reclamation system works.  
Though 44 percent of respondents claimed they knew of the New Goreangab Water 
Reclamation Plant, due to language barriers, participants were possibly referring to the 
Goreangab Dam rather than the reclamation plant. To address this issue, the City of Windhoek 
could conduct educational programs for its citizens. 
Half of the respondents find the water to be of good quality; within this half there is a 
small representation of people who believe it is of excellent quality. The remaining respondents 
believe the water is of fair or lesser quality. Much work needs to be done to have those who are 
skeptical about the water understand how the water is cleaned and, therefore, why it is safe. 
Since education is crucial for the success of any reclamation program, we have outlined 
possible strategies to better inform citizens about the reclamation process in hopes of 
increasing acceptance. These recommendations include:  
1. Development of a formal curriculum for primary schools 
2. Implementation of the H2O Challenge on university campuses 
3. Use of various media to distribute information about the plant 
4. Distribution of a follow-up survey 
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 The following sections detail the above recommendations: 
Development of a Formal Curriculum 
To address the issue of young adults having little knowledge of the water system, 
the first action DIWWM could take is to work with the Ministry of Education to create a 
formal curriculum for primary schools that includes the topics of water reclamation and 
water conservation. The Ministry of Education could require that all Namibian primary 
schools revise the current curriculum to include these topics. By taking this step, the city 
can ensure that all future generations are aware of water reclamation and the 
importance of water conservation. Furthermore, children could share this information 
with their families, encouraging them to be more conscious of the water they use, in 
order to preserve water for Windhoek’s future water needs. 
 H2O Challenge 
For university students, the H2O Challenge can be applied to teach them that tap 
water tastes just as good as or even better than some bottled water. The H2O Challenge 
could be constructed similar to the well-known advertising campaign conducted by the 
Pepsi ® Corporation in the late 1990s, the Pepsi ® Challenge. In this campaign people 
were randomly asked to try two unmarked glasses of soda—one contained Pepsi® and 
the other contained Coca-Cola®. In this campaign, the subject always chose Pepsi®.  
In our case, the Department could use three samples of water: imported bottled 
water, local bottled water and tap water.  Subjects would try each water sample and 
determine which they think is best, and which they think is reclaimed water. Afterwards, 
Department representatives could reveal the identity of each water type. The results 
would prove to participants and observers that there is no major difference between 
the taste, smell, or appearance of bottled and reclaimed water, and that drinking 
reclaimed water will not result in negative effects. The Department could lead these 
demonstrations twice a year on university campuses. Details on how to conduct the H2O 
Challenge are outlined in Appendix F. 
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Education through Media 
The city could develop educational schemes using all forms of media. This 
includes newspaper ads and articles, radio announcements, billboards, as well as 
television commercials. Informational tours of the reclamation plant could also be 
offered two or three times a week, with one tour occurring on the weekend, so those 
citizens who work during weekdays can have the opportunity to learn about the process 
as well. One day of the week could be dedicated to school tours, so students can learn 
about the reclamation process in a hands-on way. The city could continually print 
information in the local newspaper to ensure that all readers have the opportunity to 
learn about the plant and the reclamation process. The city could also develop a radio 
segment that airs on all popular radio stations, given that most citizens listen to the 
radio. Within this segment, the city could announce the availability of plant tours.  
To further educate the public, the Department could develop fun, eye-catching 
billboards that inform city members about free informational tours at the reclamation 
plant. Similarly, television commercials on Namibia’s highest-rated stations could briefly 
educate citizens and announce the availability of these tours. To enhance the 
educational process, the Department could also distribute information with the local 
water bill; a newsletter would satisfy this requirement. Such a newsletter can be found 
in Appendix I. This newsletter could be printed in the most commonly spoken languages 
and dialects, including German, Afrikaans, Damara, Herero, and Oshiwambo. 
 Contact Number 
The majority of respondents said they would make use of a contact number, 
were one made available, for information about water reclamation. The Department of 
Infrastructure, Water and Waste Management could set up a calling system so citizens 
can call and ask questions about water reclamation. This system could be partially 
automated. Pre-developed answers to frequently asked questions could be made 
available, and in the case that individuals have more questions further assistance could 
be provided by a water reclamation specialist. This line could also be made available for 
citizens to file complaints.  
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Follow-up Survey 
Finally, DIWWM could implement a follow-up survey within the next ten years to 
determine whether the educational campaign obtained the desired outcome. From 
those results it can then be determined if any additional actions need to be taken to 
further educate the citizens of Windhoek about water reclamation and the city’s water 
sources. To attain an accurate representation of the public opinion, the Department 
could use the formula presented in the methodology to calculate the number of surveys 
required. This number could be based upon the number of households within each 
suburb rather than the population in each area. Furthermore, surveys could be printed 
in all major dialects and languages—among them Afrikaans, German, Oshiwambo 
Herero, and Damara—to facilitate their rapid completion. Having the surveys in multiple 
languages would also ensure a more accurate representation of the population, as those 
unable to speak English will also be capable of answering the questions presented. 
Distributing such surveys with a monthly water bill, in household tap areas, and allowing 
respondents to return the survey via mail, would limit the amount of labor, and 
therefore the expenses incurred by the Department.  
 
All in all, we found that the water utility, joining together with the community to discuss 
and educate the population of Windhoek is the best possible outcome. Using the information 
provided in this report, as well as that attained in previous studies, DIWWM has gained an 
accurate scope of the present public perception and knowledge of the reclamation system. It is 
our hope that through our recommendations we can strengthen the bonds of communication 
between the water utility and its citizens, thus securing the sustainable future of the City of 
Windhoek. 
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Appendix A: Reclamation Process 
Below is a detailed description of the processes used by the New Goreangab 
Reclamation Plant to create potable water from treated wastewater: 
1. Pre-ozonation 
Pre-ozonation is an infusion of ozone used to destroy any microorganisms present in 
water. Ozone is a gas produced by subjecting oxygen molecules to high electrical 
voltages. It is considered a strong oxidizing agent that removes pathogens in water that 
are resistant to chlorine.  
2. Flocculation 
Flocculation, also known as coagulation, consists of removing sediments from fluids. In 
this procedure chemicals are added to help small particles clump together to form larger 
particles, so that they are easier to remove. The figure below shows how the particles 
become grouped together before removal: 
 
Figure 11. Flocculation (Mountain Empire Community College, 2000) 
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3. Dissolved Air Flotation 
Dissolved air flotation is similar to flocculation in that its purpose is to rid the liquid of 
any remaining solids. In this process, the main mechanism is suspended-solids removal 
and this is achieved by ultrafine bubbles which separate any suspended materials from 
the water and bring them to the surface in order to remove the particles. 
 
Figure 12. Dissolved Air Flotation (Pan America Environment, 2010) 
4. Rapid Sand Filtration 
Rapid sand filtration relies solely on mechanical straining and back washing. It involves a 
different form of filtration used in wastewater treatment.  The water flows through a 
sand bed and quartz gravel holding back any unwanted particles possible before flowing 
out of the filter. The figure below better illustrates this step: 
 
Figure 13.Rapid Sand Filtration (The Water Treatments, 2011) 
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5. Ozonation/Granular Activated Carbon/Biological Activated Carbon 
The step ozonation is the use of ozone gas O₃ as a strong disinfectant and deals with 
color and odor problems effectively. Biological activated carbon (BAC) is a combination 
of ozonation and granular activated carbon (GAC). GAC is when dissolved organics have 
been removed from the drinking water. 
6. Membrane Filtration 
Membrane filtration is a technique used to separate particles in the liquid in order to 
better purify it. One good quality about membrane technology is the fact that it works 
without the addition of chemicals, and runs on low mechanical power to rid any 
particles. The water passes through a screen wall and catches particles as it sifts through 
the holes in the screen. It does not guarantee filtering out every particle, however, and 
so the water still requires a few steps prior to distribution ( Lenntech Water Treatment 
& Purification Holding, 1998). 
 
Figure 14.Membrane Filtration (Lenntech Water Treatment & Purification Holding, 1998; Mountain Empire 
Community College, 2000) 
7. Chlorine Disinfection 
Chlorine disinfection is the process in which the chemical chlorine is added to eliminate 
any lingering bacteria which previous processes were unable to accomplish. This process 
plays an important role in the system because the chemical ozone cannot remain in 
water for long periods of time without dissolving. 
8. Stabilization. 
Stabilization is where alkaline materials, typically lime, are used to eliminate sludge 
remaining in the water. Even after these chemicals have been added to the water it is 
still safe for consumption use: “Years of research and practice have repeatedly 
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demonstrated that biosolids recycling is safe and the food crops grown on land fertilized 
with biosolids are safe to eat” (U.S. Environmental Protection Agency, 2009). This is the 
last step before the water can be distributed and consumed. 
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Appendix B: Water Specification Guidelines 
The following tables are displayed as outlined by the Department of Water Affairs & Forestry 
(Forestry, 2010). 
General and Special Standard (currently enforced) 
Parameter Unit General Special 
Color, Odor, Taste C No substance that will produce color, odor, taste 
pH  5.5-9.5 5.5-7.5 
Dissolved Oxygen % Saturation 75 75 
Fecal Coliform Per 100 mL 0 0 
Temperature C ≤ 35 ≤ 35 
COD mg/L 75 30 
Oxygen Absorbed 
(N/80/4h) 
mg/L 10 5 
TDS mg/L Increase in TDS ≤ 500 over 
intake water concentration 
Increase in TDS ≤ 15% over 
intake water concentration 
Suspended Solids mg/L 25 10 
Sodium (Na) mg/L Increase in Na≤ 50 over 
intake water concentration 
Increase in Na≤ 50 over 
intake water concentration 
Soap, Oil, Grease mg/L ≤ 2.5 0 
Residual Chlorine mg/L 0.1 0 
Free & Saline NH3 (as N) mg/L 10 1.0 
Nitrates (as N) mg/L NS 1.5 
Arsenic (as As) mg/L 0.5 0.1 
Boron (as B) mg/L 1.0 0.5 
Hexavelent Chromium (as 
Cr) 
mg/L 0.05 NS 
Total Chromium (as Cr) mg/L 0.5 0.05 
Copper (as Cu) mg/L 1.0 0.02 
Phenolic Compounds (as 
Phenol) 
mg/L 0.1 0.01 
Lead (as Pb) mg/L 1.0 0.1 
Phosphate (as P) mg/L NS 2.0 
Iron (as Fe) mg/L NS 0.3 
Manganese (as Mn) mg/L NS 0.1 
Cyanides & Related 
Compounds (as CN) 
mg/L 0.5 0.5 
Sulphides (as S) mg/L 1.0 0.05 
Fluoride (as F) mg/L 1.0 1.0 
Zinc (as Zn) mg/L 5.0 0.3 
General Standard: The effluent shall not contain any other constituents in concentrations which are poisonous or injurious to 
humans, animals, fish other than trout, or other aquatic life or deleterious to agriculture use. 
Special Standard: The effluent shall not contain any constituents in concentrations which are poisonous or injurious to trout 
or other forms of aquatic life. 
NS = Not Specified 
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General and Special Standard (proposed new Namibian standards) 
Parameter Unit General Special 
Temperature C Not more than 10C higher than the recipient water body 
Turbidity NTU < 12 < 5 
pH  6.5 - 9.5 6.5 – 9.5 
Color mg/litre*Pt < 15 < 10 
Smell  No Offensive Smell 
Electric Conductivity (at 
25C) 
m*S/m < 75 m*S/m above the intake potable water quality 
Total Dissolved Solids mg/L < 500 mg/L above the intake potable water quality 
Total Suspended Solids mg/L < 100 <25 
Dissolved Oxygen % saturation >75 >75 
Radioactivity Units Below ambient water quality of the recipient water body 
Biological Oxygen Demand mg/L < 30 < 10 
Chemical Oxygen Demand mg/L < 100 < 45 
Detergents (Soap) mg/L < 3 < 0.2 
Fat, Oil & Grease, Individual mg/L < 2.5 0 
Phenolic Compounds (as 
Phenol) 
µg/L < 0.1 < 0.01 
Aldehyde µg/L < 100 < 50 
Absorbable Organic Halogen µg/L < 100 < 50 
Ammonia (NH4-N) as N mg/L < 10 < 1 
Nitrate (NO3-N) as N mg/L < 20 < 15 
Nitrite (NO2-N) as N mg/L < 3 < 2 
Total Kjeldahl Nitrogen (as 
N) 
mg/L < 33 < 18 
Chloride (as Cl) mg/L < 70 mg/L above the intake 
potable water quality 
< 40 mg/L above the intake 
potable water quality 
Sodium (as Na) mg/L < 90 mg/L above the intake 
potable water quality 
< 50 mg/L above the intake 
potable water quality 
Sulphate mg/L < 40 mg/L above the intake 
potable water quality 
< 20 mg/L above the intake 
potable water quality 
Sulphide (as S) µg/L < 0.5 < 0.05 
Fluoride (as F) mg/L 2.0 1.0 
Cyanide (free, as CN) µg/L < 100 < 30 
Cyanide (Recoverable as  CN) µg/L < 200 < 70 
Soluble Ortho Phosphate (as 
P) 
mg/L 3 < 0.2 
Zink (as Zn) mg/L 5.0 1.0 
General Standard: The effluent shall not contain any other constituents in concentrations which are poisonous or injurious to humans, 
animals, fish other than trout, or other aquatic life or deleterious to agriculture use. 
Special Standard: The effluent shall not contain any constituents in concentrations which are poisonous or injurious to trout or other forms 
of aquatic life. 
NS= Not Specified 
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Reduction or Inactivation of Pathogens by Selected Wastewater Treatment 
Processes 
Treatment Process Viruses Bacteria Protozoans 
(oo)cysts 
Helminth 
eggs 
Low-Rate Biological Processes     
Waste Stabilization Ponds 1-4 1-6 1-4 1-3 
Wastewater Storage and 
Treatment Reservoirs 
1-4 1-6 1-4 1-3 
Constructed Wetlands 1-2 0.5-3 0.5-2 1-3 
Primary Treatment     
Primary Sedimentation 0-1 0-1 0-1 0-<1 
Chemically Enhanced Primary 
Treatment 
1-2 1-2 1-2 1-3 
Anaerobic Up flow Sludge 
Blanket Reactors 
0-1 1-2 0-1 0.5-1 
Secondary Treatment     
Activated Sludge + Secondary 
Sedimentation 
0-2 1-2 0-1 1-<2 
Trickling Filters + Secondary 
Sedimentation 
0-2 1-2 0-1 1-<2 
Aerated Lagoon or Oxidation 
Ditch + Settling pond 
0-2 1-2 0-1 1-<2 
Tertiary Treatment     
Coagulation / Flocculation  1-3 0-1 1-3 2 
High Rate Granular or Slow-
Rate Sand Filtration 
1-3 0-3 0-3 1-2 
Dual-Media Filtration 1-3 0-1 1-3 2-3 
Membrane Bioreactors 2.5->6 3.5->6 >6 >3 
Disinfection     
Chlorination (Free Chlorine) 1-3 2-6 0-1.5 0-1 
Ozonation 3-6 2-6 1-2 0-2 
Ultraviolet Irradiation 1->3 2->4 >3 0 
All Values in Log Unit Reductions  
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Appendix C: Survey 
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Appendix D: Brochure 
Outside 
 
 
Inside 
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Appendix E: Interview Results 
In our interview with Head of Scientific Services, Jürgen Menge, we learned a great deal 
about the water reclamation system, it’s potential for expansion and his view on the public 
perception of wastewater reuse. Below are the questions we asked and his answers: 
 
1. How do you feel about the expected water demand increases? 
I am worried—not whether there will be enough, but for the government. The 
government lacks strategies for a long-term water supply. The government is cash-
strapped already—focused on day-to-day survival instead of goal ahead. The biggest 
thing for our government is to create work & jobs. Big companies have high turnover. 
Water stress is increasing and water sources getting polluted more, so water prices will 
just go up. There will soon be a need for more advanced water treatment. See much 
more in future if not proper strategy. 
2. Where do you see the water reclamation process going in the future?  Do you see it 
expanding to a higher percent, if so what percent? If so, to what percent? 
Yes, I see it expanding. New processes will be incorporated with new plants. The next 
plant will use Membranes (membrane bioreactor), instead of filtration. There is much 
more usage of recycled water here than around the country. The current plant is built 
for 25 mega liters, but it uses 35 mega liters. The plant can easily increase to 50 mega 
liters with MBR. There will be an explosion in water technology so an increase in water 
recycled   also. Currently, there is a lot of rain but the government must prepare, in case 
the country becomes arid again. 
3. What is your opinion on public perception of the water reclamation process? Does it 
vary among the different regions? 
I believe we will be surprised. I think 80% of the population doesn’t have a clue where 
the water comes from (maybe more). A bulk of the population lives in the informal 
areas and don’t know anything about recycled water. No, it does not vary based on 
region or ethnicity. It depends on upbringing. Some people live day-to-day and don’t 
understand how they get the things they have, while others want to know and try to 
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understand. Many kids, of all ages, visit the plant often to learn more about its 
operation. Between the 1990’s and 2003, education in the schools increased 
significantly. 
4. How do you like the survey and brochure we made? Do you have suggestions to 
improve the two or any information we should add? 
In general, the survey should look at how the water is perceived based on educational 
level, living standards and what people use it for. It should also find out what people 
think of the water quality. Your survey should have more space available for the open-
ended questions, particularly the question about perceived water quality. I will get back 
to you with more critiques after looking at them more closely 
5. What are your goals for our team, and what would you like us to accomplish? 
I would like you to assist us. We’ve been contemplating about doing a public thing, but 
we have not done anything yet. We have been trying to start for 3 years. We are open 
for complaints, and will investigate an issue for free. We will go to people’s homes and 
take samples. When the results are attained, we will discuss them with the person 
concerned, remaining 100% honest. While talking to them, we will learn about the 
person’s background. The issue is usually a plumbing problem. I often recommend they 
get a good carbon filter, since it increases the water quality while keeping minerals in it.  
My biggest worry is with chlorination. Over chlorination is common because of the fear 
of disease. Currently busy investing on automatic chlorine system to bring chlorine 
levels down and keep them stable. The problem is that water is kept between 15 and 
29oC, so we need chlorination in the distribution system. The people in charge are not 
well educated and over-compensate chlorine level often, which affects the taste of the 
water—also a major complaint.  
6. Do you feel the current system in Windhoek is one that can be applied to other areas 
in Namibia or the world? If so what are the steps for expansion? 
Yes and no. Direct reclamation is a calculated risk. We must educate before expanding. 
The sources are polluted so people using the program MUST know what you are doing. 
Otherwise, we’re asking for trouble. We need better education elsewhere before 
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allowing them to use reclamation, because they might miss-use it and cause people to 
get sick (could cause an epidemic). 
Systems will have hazards in the next few years (10-20 years), possibly because of the 
development of resistant pathogens. A large sum of Euro was made available for global 
solutions in water.  
7. Do you feel the current system can be expanded to match the growing population or 
do you feel a new system will need to be constructed? 
A new system involving membranes is the future for water reclamation. As Professor 
Don Broell from Australia stated, the most important things with water reclamation is to 
ensure perception on the water is good, that it is healthy and that during treatment we 
do not create further problems. This last piece is the biggest problem, but membranes 
are the exception to this. 
8. Do you feel the management of the current system is sustainable? What will happen 
when the current contract is up? Who will be in control of the plant and its processes? 
I have no idea. I try not to think about that. The contract is a good tool to keep things 
under control, because it’s written in a way that the company will lose its commercial 
benefits if they do not comply with the rules. I hope that such a system will remain. 
Future generations are doing research to make changes and improve the system. They 
will develop ways to better save money and make the process safer.  
9. Explain the Pepsi Challenge. What is your opinion on it? How can we improve it? 
I like the idea. You should start in schools that work on water quality (i.e. German 
schools, Windhoek international, etc.) 
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Appendix F: Water Challenge 
The following outlines the methods to conduct our version of the Pepsi Challenge—“Do 
You Know Your H2O?”  The first section describes our pilot study, which was used to ensure the 
plan for a demonstration at Namibian universities was adequate. The pilot study was also used 
to ensure participants found the tap water tasteful and that they could not identify a major 
difference between samples. Consequently, the pilot study was done as close to the actual 
demonstration as possible. The advice received from our pilot study was used to perfect our 
actual recommendation for the Water Challenge, also outlined in this section. 
 
Pilot Study 
Location:  
Cori Bed and Breakfast Lodge 
8 Puccini Street 
Windhoek, Namibia 
Participants:  
- WPI Students 
- Cori Staff 
Samples Used: 
- A:AQUAsplash(still Namibian bottled mineral water) 
- B:Tap water 
- C:Nestle® Pure Life (still South African bottled water) 
Stipulations 
- All Samples Room Temperature  
- Half-Cup Samples in Styrofoam Cups of the same size 
- All Samples labeled by letter 
Implementation: 
- Popular music in background 
- All participants take each sample of water 
- All participants fill out mini survey and place in box  
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- After all questionnaires were received, select participants were asked their opinion on 
the samples 
- Answers were revealed to the group 
Questionnaire:  
- Written (private) 
o What type of water do you usually drink? 
 Bottled 
 Tap 
 Other(please specify)____ 
o Which sample tasted best? 
 ____ 
 No Difference 
o Which sample do you think is tap water? 
 ____ 
o What sample do you think is bottled water? 
 ____ 
- Verbal (public) 
o Did you like the atmosphere? 
o Do you have any criticisms? 
o Do you have any suggestions for improvement? 
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Results: 
 
Figure 15. Question One in Pilot Water Challenge 
 
 
Figure 16. Question Two in Pilot Water Challenge 
 
 
Figure 17. Question Three in Pilot Water Challenge 
 
Figure 18. Question Four in Pilot Water Challenge 
 
Analysis of Results: 
- Before asking each participant their opinion, we asked what type of water they usually 
drink in order to tell whether they are prone to being able to identify each sample. 
Based on our results, most survey participants typically drank tap water and were able 
to identify each sample correctly. Still; many participants were forced to guess which 
sample was which, since an “I don’t know” option was not available.  Furthermore, 
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thirteen of eighteen participants did not answer the final question about bottle water 
correctly. An important piece of information to note is that survey participants 
regularly drank the tap water used in the demonstration, coinciding with their ability 
to identify which sample was tap water. The tap water was also slightly cooler, which 
may have aided in their detection. 
- Most participants asked that we ensure enough pens and surveys were made 
available. Additionally, they asked that we keep all waters cold during the actual 
demonstration. 
 
Recommendations for How Well Do You Know Your H2O? 
Stipulations 
- All Samples Room Temperature  
- Half-Cup Samples in Styrofoam Cups of the same size 
- All Samples labeled by letter 
Implementation: 
- Popular music in background 
- Conduct multiple rounds, 10 minutes in length 
- Game show format 
- Six participants in each round 
- All participants take each sample of water 
- All participants fill out mini survey and place in box  
- After all questionnaires were received, select participants were asked their opinion on 
the samples 
- Sample identities were revealed at the end of each round 
- With each round change, sample letters are altered to ensure the identities remain 
secretive 
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Questionnaire:  
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Appendix G: Survey Results 
The sections below outline the data collected. It is presented in the following order: 
data collected from all respondents, data collected from respondents with household taps, data 
collected from respondents with communal taps. Within each category we presented the areas, 
in which major trends exist. Among the different tap forms, we found major trends among the 
different genders and age groups of each area. Consequently, we evaluated age and gender 
against the following topics: 
 Perception of Water Quality 
 Knowledge of the Reclamation Process 
 Knowledge of the New Goreangab Reclamation Plant 
 Perception of Future Water Supply 
All data is displayed in percentages, to more clearly reflect the response distribution. 
This is to facilitate the easy analysis of all information collected.  
Overall Data 
The following sections outline the overall results of our survey. Each section correlates 
with specific survey questions.  
Background Information 
We collected background information on each survey participant to obtain a better 
scope of the individuals taking our survey. We inquired about household location, gender, age, 
education level, years of residency in Windhoek, and information on media and public 
transportation usage. These statistics helped us determine whether specific trends exist based 
on the type of individual surveyed and each person’s water utility.  
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Locations Surveyed 
 
Figure 19. Overall Surveyed Populations within Windhoek's Suburbs 
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Gender 
 
Figure 20. Overall Gender Distribution 
Age 
 
Figure 21. Overall Age Distribution 
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Education Level 
 
Figure 22. Overall  Distribution of Highest Level of Education Received 
Years of Residency in Windhoek 
 
Figure 23. Overall Years of Residence in Windhoek 
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Household Water Use 
 The method of attaining water varied from suburb to suburb. By asking how each 
participant received their water and what the primary source of their drinking water was, we 
determined whether surveyed individuals were more inclined to think a certain way about the 
quality of the water they receive.  
Water Source 
 
Figure 24. Overall Tap Form 
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Source of Drinking Water 
 
Figure 25. Overall Primary Source of Drinking Water 
Water Quality 
 In the next set of questions, we asked each participant their opinion on the quality of 
their tap water. To do this, we asked them to rank the quality of their water’s color, taste, and 
smell on a scale of unacceptable, poor, fair, good, or excellent. Furthermore, we asked each 
participant to rank the overall quality of his or her water on the same scale, and his or her 
opinion on the safety of the water.  
Tap Water
67%
Boiled Tap 
Water
12%
Filtered Tap 
Water
14%
Bottled 
Water
7%
69 
 
Perception of Water Properties 
 
Figure 26. Overall Perception of Water Properties 
Perception of Overall Water Quality 
 
Figure 27. Overall Perception of General Water Quality 
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Perception of Water Safety 
 
Figure 28. Overall Perception of Water Safety 
Water Reclamation 
 In the following section, we asked whether respondents knew where the City of 
Windhoek obtained its water. We also inquired whether they knew about water recycling, and 
if they were familiar with the New Goreangab Water Reclamation Plant. To confirm whether 
they understood the concept of water recycling we asked them to describe the process. 
Furthermore, we asked if they believe there is enough water to meet the future needs of 
Windhoek.  
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Self-Reported Knowledge of City’s Water Sources 
 
Figure 29. Overall Self-Reported Knowledge of the City's Water Sources 
Perception on Future Water Availability 
 
Figure 30. Overall Perception on Whether the City will Meet Future Water Demands 
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Water Reclamation 
 To determine the feasibility of a call system, which citizens could use to find out about 
water reclamation, we asked respondents whether they’d make use of a contact number. Many 
respondents stated they would make use of the phone number if it is toll-free. 
 
Figure 31. Overall View on Whether Respondents will Make Use of a Contact Number 
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Overall Data Trends 
Within this section, we compare results that showed no significant trends between 
residents of formal and informal settlements, however, as a whole, proved noteworthy. From 
the population surveyed we found trends the following categories: 
 
Source 
of 
Drinking 
Water  
Perception 
of Water 
Quality  
Perception 
of Water 
Safety  
Knowledge 
of the 
Reclamation 
Process 
Knowledge 
of the New 
Goreangab 
Reclamation 
Plant 
Perception 
of Future 
Water 
Supply 
Education 
Level 
✓ ✓  ✓ ✓ ✓ 
Years of 
Residence 
✓  ✓ ✓ ✓ ✓ 
Preferred 
Drinking 
Water 
 ✓ ✓ ✓ ✓ ✓ 
Table 2. Outline of Survey Topics Compared 
Each of these areas are addressed in the segments below. As with the previous sections, 
all data is displayed in percentages, to more clearly reflect the response distribution. 
Education Level 
 By comparing survey answers based on the education level of each participant, we 
found that the level of education received by each individual affected his or her perception of 
the city’s water, its future needs, the reclamation process, and their knowledge of the existence 
of the New Goreangab Reclamation Plant. The university education category includes 
respondents who have received some university education or a university degree. Survey 
participants without a university education include those who have obtained a secondary 
school diploma or less. This includes those participants without formal schooling.  
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Source of Drinking Water 
 
Figure 32. Education Level vs. Overall Primary Source of Drinking Water 
Perception of Water Properties 
 
Figure 33. Education Level vs. Overall Perception of Water Properties 
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Perception of Overall Water Quality 
 
Figure 34. Education Level vs. Overall Perception on Water Quality 
Self-Reported Knowledge of City’s Water Sources 
 
Figure 35. Education Level vs. Overall Self-Reported Knowledge of the City's Water Sources 
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Perception on Future Water Availability 
 
Figure 36. Education Level vs. Overall Perception on Whether the City will Meet Future Water Demands 
 
Years of Residency in Windhoek 
 Here we provide an analysis of the knowledge and perception of participants who have 
lived in Windhoek for varying time spans. It appears that recently immigrated residents know 
less about the reclamation process than those who have lived in Windhoek for more than 11 
years. Additionally, residents who were born in the region or recently moved there are more in 
favor of the water quality. 
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Source of Drinking Water 
 
Figure 37. Residency vs. Overall Primary Source of Drinking Water 
Perception of Water Safety 
 
Figure 38. Residency vs. Perception of Whether Tap Water is Safe to Drink 
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Self-Reported Knowledge of City’s Water Sources  
 
Figure 39. Residency vs. Overall Self-Reported Knowledge of the City's Water Sources 
Perception of Future Water Availability 
 
Figure 40. Residency vs. Overall Perception on Whether the City will Meet Future Water Demands 
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Primary Drinking Water Source 
Within this segment we compare each participant’s knowledge of the city’s water 
sources, future need and their perception of the water quality and safety, with their preferred 
source of drinking water. Due to the large number of participants who preferred to drink water 
directly from the tap, we divided this data into two categories: tap and other. Other refers to 
any other drinking source, such as bottled water, boiled tap water or filtered water. 
Perception of Water Properties 
 
Figure 41. Primary Drinking Water Source vs. Overall Perception of Water Properties 
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Perception of Overall Water Quality 
 
Figure 42. Primary Drinking Water Source vs. Overall Perception of General Water Quality 
Perception on Water Safety 
 
Figure 43. Primary Drinking Water Source vs. Overall Perception of Whether Tap Water is Safe to Drink 
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Self-Reported Knowledge of City’s Water Sources 
 
Figure 44. Primary Drinking Water Source vs. Overall Self-Reported Knowledge of the City's Water Sources 
Perception of Future Water Availability 
 
Figure 45. Primary Drinking Water Source vs. Overall Perception on Whether the City will Meet Future Water Demands 
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Household Tap Data 
We visited several formal settlements, in which water is received through an indoor tap.  
Residents use this water for nearly all domestic activities. Several residents of Okuryangava, a 
lower class community, obtain water from a personal tap outside in the garden area. Residents 
of Hochland Park, predominantly middle class, all possess both indoor and outdoor taps. 
Provided is an outline of the results collected from respondents with household taps. 
Background Information 
Locations Surveyed 
 
 
Figure 46. Suburbs Surveyed with Household Taps 
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Gender  
 
Figure 47. Household Tap Gender Distribution 
Age  
 
Figure 48. Household Tap Age Distribution 
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Education Level 
 
Figure 49. Household Tap Distribution of Highest Level of Education Received 
 
Years of Residency in Windhoek 
 
Figure 50. Household Tap Years of Residency in Windhoek 
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Household Water Use 
Source of Drinking Water 
 
Figure 51. Household Tap Primary Source of Drinking Water 
Water Quality 
Perception of Water Properties 
 
Figure 52. Household Tap Perception of Water Properties 
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Perception of Overall Water Quality 
 
Figure 53. Household Tap Perception of General Water Quality 
Perception of Water Safety 
 
Figure 54. Household Tap Perception of Whether Tap Water is Safe to Drink 
0%
5%
10%
15%
20%
25%
30%
35%
40%
45%
50%
Unacceptable Poor Fair Good Excellent
Yes
87%
No
13%
87 
 
Water Reclamation 
Self-Reported Knowledge of City’s Water Sources 
 
Figure 55. Household Tap Self-Reported Knowledge of the City’s Water Sources 
Perception of Future Water Availability 
 
Figure 56. Household Tap Perception on Whether the City will Meet Future Water Demands 
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Household Tap Data by Gender  
 In this section, we compare the knowledge and perception of Windhoek’s water 
between males and females. We found that, in general, males knew more about the water 
system and similarly, had a higher opinion on the quality of the water.  
Perception of Water Properties 
 
Figure 57. Gender vs. Household Tap Perception of Water Properties 
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Perception of Overall Water Quality 
 
Figure 58. Gender vs. Household Tap Perception of General Water Quality  
Self-Reported Knowledge of City’s Water Sources  
 
Figure 59. Gender vs. Household Tap Self-Reported Knowledge of City's Water Sources 
3% 9%
26%
60%
2%1%
14%
30%
47%
8%
0%
10%
20%
30%
40%
50%
60%
70%
Unacceptable Poor Fair Good Excellent
Male Female
66%
70%
60%
56%
49%
43%
34%
30%
40%
44%
51%
57%
0%
10%
20%
30%
40%
50%
60%
70%
80%
Water Origin Water Recycling Goreangab Plant Water Origin Water Recycling Goreangab Plant
Male Female
Yes No
90 
 
Perception of Future Water Availability  
 
Figure 60. Gender vs. Household Tap Perception on Whether the City will Meet Future Water Demands 
 
Household Tap Data by Age 
Within the following subdivisions, we have compared different age groups with their 
knowledge and perception of the reclamation process. Participants were divided into three 
groups: young adult, middle-aged adult, and older adult. Young adults consisted of participants 
ages 15-25; middle-aged adults included participants ages 26-45, and those above age 45 were 
considered older adult.  
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Perception of Water Properties 
 
Figure 61. Age vs. Household Tap Perception of Water Properties 
Perception on Overall Water Quality 
 
Figure 62. Age vs. Household Tap Perception of General Water Quality 
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Self-Reported Knowledge of City’s Water Sources 
 
Figure 63. Age vs. Household Tap Self-Reported Knowledge of the City’s Sources 
Perception of Future Water Availability 
 
Figure 64. Age vs. Household Tap Perception on Whether the City will Meet Future Water Demands 
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Household Tap Publicity & Daily Use 
In order to successfully relay information regarding the city’s water and address 
concerns regarding wastewater reuse, we needed to gather information on how to best notify 
citizens. To do this, we asked respondents how often they read the newspaper, listen to the 
radio, watch television and use public transportation. Sometimes refers to activities done two 
to four times a week; rarely includes those done between once a week and once a month. 
Aside from asking what people did on a daily basis, we asked them what would be the 
best method of providing them information. Survey participants were allowed to make more 
than one selection, and suggest methods other than the ones listed. The figures below display 
the results obtained. 
Daily Use of Selected Media and Public Transportation 
 
 
Figure 65. Household Tap Media and Public Transportation Usage 
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Ideal Method of Information Distribution 
 
Figure 66. Household Tap Best Advertizing Method 
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Communal Tap Data 
Within this section, we discuss the survey results of respondents who received their 
water from communal taps. Havana and Hakahana are among the most impoverished regions 
of Windhoek. These residents, as well as residents within few other suburbs, receive water 
from pre-paid coin or card operated communal taps. These cards can be purchased from the 
municipality. Most residents live in homes made of tin sheets provided by the government and 
many make a living from small shebeens and shops located within walking distance of their 
houses. Although several residents stated these communal taps often malfunction, the majority 
of the population was satisfied with their water quality.  Provided is a breakdown of the data 
collected from survey participants who relied on communal taps to obtain their water.  
Background Information 
Locations Surveyed 
 
 
Figure 67. Suburbs Surveyed with Communal Taps 
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Gender 
 
Figure 68. Communal Tap Gender Distribution 
 
Age 
 
Figure 69. Communal Tap Age Distribution 
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Education Level 
 
Figure 70. Communal Tap Distribution of Highest Level of Education Received 
Years of Residency in Windhoek 
 
Figure 71.  Communal Tap Years of Residency in Windhoek 
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Household Water Use 
Source of Drinking Water 
 
Figure 72. Communal Tap Primary Source of Drinking Water 
Water Quality 
Perception of Water Properties  
 
Figure 73. Communal Tap Perception of Water Properties 
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Perception of Overall Water Quality 
 
Figure 74. Communal Tap Perception of General Water Quality 
Perception of Water Safety 
 
Figure 75. Communal Tap Perception of Whether Tap Water is Safe to Drink 
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Water Reclamation 
Self-Reported Knowledge of City’s Water Sources  
 
Figure 76. Communal Tap Self-Reported Knowledge of the City’s Water Sources 
Perception of Future Water Availability 
 
Figure 77. Communal Tap Perception on Whether the City will Meet Future Water Demands 
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Perception of the Water System 
 
Figure 78. Communal Tap Perception on Whether the Water System is Satisfactory 
Communal Tap Data by Gender  
 While surveying we noticed a difference in the knowledge and perception of Windhoek 
water between males and females. This section contrasts questions on water perception and 
knowledge of the reclamation system with regard to gender.  
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Perception of Water Properties 
 
Figure 79. Gender vs. Communal Tap Perception of Water Properties 
Perception of Overall Water Quality 
 
Figure 80. Gender vs. Communal Tap Perception of General Water Quality 
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Self-Reported Knowledge of City’s Water Sources 
 
Figure 81. Gender vs. Communal Tap Self-Reported Knowledge of City's Water Sources 
Perception of Future Water Availability 
 
Figure 82. Gender vs. Communal Tap Perception on Whether the City will Meet Future Water Demands 
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Perception of the Water System 
 
Figure 83. Gender vs. Communal Tap Perception on Whether the Water System is Satisfactory 
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Communal Tap Data by Age 
Within the following subdivisions, we assess different age groups against their opinion 
on Windhoek’s tap water and their knowledge of the reclamation system. Participants were 
divided into the three groups previously described: young adults, middle-aged adults, and older 
adults.  
Perception of Water Properties 
 
Figure 84.  Age vs. Communal Tap Perception of Water Properties 
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Perception on Overall Water Quality 
 
Figure 85. Age vs. Communal Tap Perception of General Water Quality 
Self-Reported Knowledge of City’s Water Sources 
 
Figure 86. Age vs. Communal Tap Self-Reported Knowledge of City’s Sources 
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Perception of Future Water Availability 
 
Figure 87. Age vs. Household Tap Perception on Whether the City will Meet Future Water Demands 
Perception of the Water System 
 
Figure 88. Age vs. Communal Tap Perception on Whether the Water System is Satisfactory 
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Communal Tap Publicity & Daily Use 
As with the previous section, in order to successfully relay information regarding the 
city’s water and address concerns regarding wastewater reuse, we gathered information on 
how to best notify citizens. We asked respondents how often they read the newspaper, listen 
to the radio, watch television and use public transportation. Sometimes refers to activities done 
two to four times a week; rarely includes those done between once a week and once a month. 
We also asked respondents what would be the best method of providing them 
information. Survey participants were allowed to make more than one selection, and suggest 
methods other than the ones listed. 
 
Daily Use of Selected Media and Public Transportation 
 
Figure 89. Communal Tap Media and Public Transportation Usage 
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Ideal Method of Information Distribution 
 
Figure 90. Communal Tap Best Advertizing Method 
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Appendix H: Answers to Open Ended Response on Survey 
Below we have provided a list of responses to the open-ended survey questions. 
Responses on Water Quality  
We have listed the responses to question 5 of the water quality section, which asks why 
respondents think Windhoek water is not safe to drink: 
 Drink everyday 
 No stomach problems 
 Color not right & small particles show its not purified properly 
 Drinking it for years  
 Been drinking it a while 
 Good, just taste funny. Especially if boiled 
 Clean & means of survival 
 Don’t know, precaution 
 Makes me sick. 
 Don’t know what’s in it or what the quality is. 
 Sometimes the water is brown, taste bad, so they must boil it 
 Can affect health in the long run 
 Do not boil it, just drink it. I don't know if it’s okay like that. 
 Because of stomach illness 
 Infectious agents 
 Because it causes the children diarrhea 
 It’s dirty 
 It’s not cleaned properly, not the same as bottled water. 
 Maybe not good in long term, lots of minerals 
 Because it’s not. Did tests on Municipality water and chlorine level is fatal. Especially for 
infants and kids with compromised immune systems. 
 Causes stomach aches 
 Taste like soda 
 Must boil first 
 It’s not clean 
 It looks dirty and can bring diseases 
 Color, smell is poor and afraid to drink it 
 It's ok but could be more purified 
 Good only if you boil it  
 Because of the color; drink it because cannot afford bottled water 
 “Sometimes not soft" 
 It’s very gross couldn’t drink until bought a filter 
 It makes me sick 
 It’s just not safe, because of recycling 
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 "It's toilet water, they are killing us" 
 It’s only safe if boiled 
 Because of color 
 It’s not healthy 
 Drinking recycled water 
 It’s brown sometimes 
 It’s okay if boiled 
 Don’t filter, has germs 
 Better if boiled 
 It’s from the rain and the dump water. They drink it because too expensive to buy 
 It’s very poor quality 
 It’s very dirty 
 Maybe not in long term, lots of minerals 
 "I bloody hope it is" 
 It taste bad, don’t think clean 
 It’s not clean 
 Looks dirty and can bring diseases 
 Color, smell is poor and afraid to drink it 
 It's ok but it could be more purified 
 Because of the color; drinks it because cannot afford bottled water 
 It’s just not safe--because of recycling 
 
Responses to Water Reclamation 
We have listed the responses to question 2 of the water reclamation section, which asks why 
respondents do not think there is enough water for the future needs of Windhoek:  
 City growing; doesn’t know 
 Lots of rain 
 Big country, small pop 
 No shortage experienced 
 Enough rain 
 Large population increase 
 The population is thriving 
 Global warming 
 Need to plan for the future, dry country 
 Large underground reserves. 
 Water restriction in some of the dry seasons. 
 There is talk that we will have a shortage in the future but not sure. 
 Sometimes they get water problems where there is no water in the taps sometimes. 
 Too much water spillage/waste and not enough future supply 
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 Using up all the water, less ground water 
 Wasting water 
 “People are getting so many in this town" 
 Wasting water and need for more recycling systems 
 Maybe enough water but it is not accessible to the all citizens. Cost also going up. 
 Definitely not enough, just lucky this year, with the rain 
 Population growth 
 If it doesn’t rain 
 We are spoiled with rain this year and need to save. Rain helps keep pool full. Must save 
water for future 
 Windhoek is growing and it is semi-desert. Only have rain now 
 Born here, so I know how valuable it is. See people wasting daily. City is growing 
 Need more dams, not enough water storage 
 Because use it 
 Waste water a lot 
 Because people waste water, too often bathing 
 Too many water usage 
 Water sometimes gets closed 
 Use faster than replace it 
 Because when the rain stops, where are we going to get water? 
 Usually water is recycled, but cannot recycle everything 
 Maybe, wasn't sure 
 This year there was enough but future no 
 Wasting of water 
 Population growth 
 Depends on the rain 
 Population growth 
 Water shortages last year 
 Because use it 
 Depends on rain 
 Dry country, we have been lucky this year with all of the rain 
 Because of all the rain 
 Think so 
 Population growth 
 Population growth and wasting 
 Maybe, unsure. 
 Dry place and a lot of people 
 Not enough rain 
 Hope so. Windhoek is getting bigger and bigger & using more water. Very careful with 
water 
 Too many people and still increasing 
 Depends on rain and population growth 
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 Population growth 
 Big concern: population growth 
 Not waste the water 
 Not enough rain 
 No rain, no water 
 Wasting water 
 Global problem 
 Not good for young 
 Other things can get in pipes 
 Poop in water 
 Do not like smell 
 Dirty and brown 
 Need to boil it before drinking 
 Because close to the toilets 
 Might have some funny color that’s why it’s not good 
 People suffer 
 "See we are many here, the remaining of us are here with few taps. We are more" 
 We’re using recycled water but it’s not good 
 It’s too expensive 
 not a lot of rivers in Namibia 
 Too expensive, not sure if there will be enough in years to come 
 Scarce and not enough taps 
 
Below are the responses to question 4 of the water reclamation section, which asks how 
respondents heard of the Goreangab Water Reclamation Plant:  
 News, radio & newspaper 
 Word of mouth 
 In passing, also know people who know about it. 
 Passed there many times and also through media. 
 Seen it 
 Mom and Dad 
 School 
 People I know at the municipality 
 Know where dam is, and friend works there 
 Plumber, so know about it 
 General knowledge 
 News 
 Used to pass it 
 School 
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 Visited with school 
 Husband repaired it 
 People 
 Word of mouth 
 Seen it  
 School 
 Work provides their telephone service 
 School 
 Word of mouth 
 Work there 
 Word of mouth 
 School 
 Through the television 
 School 
 Grew up 
 School tour in grade 10 
 At home 
 TV, news, radio 
 Drive by 
 Knows there is a plant that does recycling but did not know what the name was. 
 Newsletter 
 Went there and saw the plant Word of mouth 
 Seen it  
 School 
 People tell 
 Know of it 
 Can’t remember 
 Terrible water, drinking bacteria and many stomach problems from it. 
 General knowledge 
 News 
 Use to pass it 
 Visited with school 
 Husband repaired it 
 People 
 Primary school 
 Living when first start 
 Husband works there 
 Brother works there 
 Word of mouth 
 Work there 
 School 
 Through the television 
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 Husband 
 Word-of-mouth 
 School 
 Seen it 
 Visited it 
 Newspaper 
 Visited it 
 From people 
 Radio 
 Radio 
 
Below are the answers to question 5 of the water reclamation section, which allows for 
suggestions about how to distribute information about the Goreangab Plant:  
 Combo 
 E-mail 
 Flyers with bill 
 Website, can apply to get updates 
 Word of mouth 
 E-mail 
 Cell phone, universal text 
 Internet, Emails or Website 
 With water bill 
 E-mail 
 Flyers with bill 
 Website, can apply to get updates 
 Expositions 
 Leaflets when surveying 
 Pamphlet with bill 
 Newsletters 
 
Additional Comments 
 Water is life and we use water in our daily lives to get through the day by this. Would 
suggest that we should save water and make more awareness of water especially in 
rural towns in the country. 
 Taste too much like chlorine. Looks like there is mud in the water during the rainy 
season. 
 Smells like chlorine. 
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 Maybe they do what they can, if they can do better they should, quality should be 
consistent. It changes too much. 
 Dry country, not learn how to harness rain water. 
 If city knows a pipe is broken, they need to let people know. 
 Funny taste somehow. 
 If we have so much water why are the tariffs so high? Especially, if there is a lot of rain.  
 Most do not know how dirty the water is. Water tariffs are very expensive. I pay 1200 
before the rain and now 600. The tariffs are too high. 
 I am happy with the water. 
 The water tastes and smells like chlorine. 
 Educated people might be able to pay but people in Katutura are not and the 
municipality shuts their water off if they do not pay, and they have no access to water. 
Everyone should have access to good quality water. 
 Water is sometimes brown. 
 A lot of rust and high chlorine. When it rains there is mud in the water. 
 When raining I get diarrhea, otherwise fine. Boil water if small baby, but not now. Just 
used to it.  Television problem because Namibians do not watch news. 
 Too much chlorine makes it smell bad. 
 Invest in bus stops that come at 30 min intervals between suburbs. Windhoek is too big, 
too many cars and taxi's. We need a network between towns. Color of the water is 
sometimes brown, white, milky, but water still best compared to other places. Pipes are 
old so city needs to check them now and then. There is something wrong with the 
pressure. They should check at regular intervals. 
 Talking about getting a filter for some time just never got it. 
 Is there a plan B? They should come around and ask these questions when it is dry and 
dam has only 20% of its water. Last 3 years have had plenty of rain. 
 The city is in a catch 22. To give all people water they must use chlorine. There are other 
ways to clean water so must try them. Municipality cannot take out all cyst and 
hormones from the water. That’s the reason why so many suffer and cannot have kids. 
Using UV would be better. I have my own filtration system with carbon and UV to 
remove everything bad 
 Municipality should fix the toilets. 
 Water color sometimes clay or sand colored. 
 One time brown, and didn't look safe. 
 Must clean dam to remove all the slush so can get clean water from it. 
 The quality changes. 
 Do not like this water taste like soda. 
 Water is not of good standards. 
 Why can't the municipality put in pre-paid taps like the ones in the squatter camps, that 
way we can monitory the water. 
 They want to have clean water and to not get diseases from it. 
 The water color is not good. 
 Would like to see survey results, because feels people should know them. 
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 Every now and then, the water shuts down. Why is this? 
 Water bill is never less than 6,000. Not sure how often the city checks, maybe they 
check it about four times per year. But we might be paying our neighbors bills. 
 Need to build a bridge over rivers that destroy streets. 
 Never received any shortage of water so hope there's enough for the future 
 No problem with the water, likes how it is even though he knows where it comes from. 
No health issue from the water. 
 People found drowned in the dam. 
 Need to do more to clean the water; there is green algae in his water. Try to do a better 
job with the treatment. The color and taste make you doubt the quality of the water. 
 Water is too expensive. 
 Too expensive to live in Namibia, use water and electricity. How long can people afford 
it? I don’t know. 
 Water is fine. 
 Must decrease water bill with all rain. 
 Poor quality, stomach problems without boiling. 
 No problems. 
 People don’t care and I doubt anyone would call. Very rainy season the crops are getting 
ruined, drink from ponds and that’s why people are getting sick. 
 Water was once the cleanest in the southern Africa and now it is dirty 
 I think most inhabitant of Windhoek can be assured that water is of the highest quality. 
The problem is with people coming to our country not knowing water is safe and not 
drinking it. 
 Just filter because used to it. 
 Water is not of good standards. 
 Why can't the municipality put in pre-paid taps like the ones in the squatter camps, that 
way we can monitory the water. 
 They want to have clean water and to not get diseases from it. 
 The water color is not good. 
 Something has to be done about the quality of the water, the color and the smell. 
 Get the chlorine out of the water. 
 Must be water-wise. Teach your children. 
 Some days there is no water at his house. 
 Happy with the way it is, I’ve got no problems. 
 Taste too much like chlorine. Looks like there is mud in the water during the rainy 
season. 
 Smells like chlorine. 
 Maybe they do what they can, if they can do better they should, quality should be 
consistent. It changes too much. 
 Dry country, not learn how to harness rain water. 
 If city knows a pipe is broken they need to let people know. 
 Funny taste somehow. 
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 If have so much water why are the tariffs so high? Especially if there is a lot of rain.  
 Most don't know how dirty the water is. Water tariffs are very expensive. I pay 1200 
before the rain and now 600. The tariffs are too high. 
 I am happy with the water. 
 The water tastes and smells like chlorine. 
 One time brown, and didn't look safe. 
 Must clean dam to remove all the slush so can get clean water from it. 
 The water quality changes. 
 Don’t like this water taste like soda. 
 "This water, they are killing us, and I even took the time to go to Nam Water and one of 
professors says if you drink the water for 30 years it will form cement around stomach." 
95% of nation listens to radio, should broadcast in all dialects. 
 Will use number only if toll free. 
 Would like water where living, for toilet, etc. City must do something about dumping. 
 Bring more water. Collecting from very far. Tap is very far. 
 The tap is very far. 
 Make the water more available for community and more affordable. 
 The taps are very far and water is hard to carry. Municipality should bring water near 
house and into the house. 
 Would like own tap. 
 Sometimes the color of the water is bad. 
 Only use one tap. 
 Would like a tap in the house. 
 The water color changes depending on the time of day. 
 Would like advice about water and its importance. Would like to also know how to save 
water and prevent disease from it. 
 Communal tap is too far. Sometimes the water tastes sour. 
 We have nothing here. The Municipality should bring electricity and water for all 
houses. 
 Keep giving us more water. 
 Have to clean water very good so fair. 
 Water smells like chemicals. 
 Use water wisely. 
 NBC not interesting. They should make it interesting with things like water reclamation. 
 Reduce the cost. The water’s very expensive for recycles water. 
 Sometimes the water’s good and sometimes the color is black. Sometimes when you 
fetch the water nothing comes out. 
 Water is good and cheap but very far. 
 Especially at this location they close water and they don’t get water sometimes. 
 Should put water closer to homes and toilets. 
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Appendix I: Know Your Water Newsletter 
The following displays our Know Your Water Newsletter, which we suggest the 
Department of Infrastructure, Water and Waste Management distribute with water bills in 
household tap areas. We recommend that it be printed in all major languages and dialects, so 
as to effectively educate the general public about water reclamation. 
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